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WEST INDIAN MADREPORARIAN POLYPS.

By J. . Drerbexs,

INTRODUCTION.

The insutliciencey of our knowledge of the morphology of the soft parts of the Madreporarian
corals has beew commented upon by nearvly all writers on the Anthozoa.  Such a want at first
seems remarkable, when we consider for how long and how fully the hard parts have been known.
both to the zoologist and the paleontologist. and also the great abundance and wide distribution
of living corals.  When. however, the geographical limitations of the greater number of recent
corals nre taken into account. the difliculty of fully observing the polyps when alive. and more
expecially of preserving them and of carrying out their anatomical study. the deficieney can be
in some measure nnderstood.  The nvestigations of a number of workers have already atforded
an insight into the general structure of Madreporarvian polyps. espeeially of the simple forms;
but these are as vet insuflicient to enable relationships of a hroad systematic character to be
established.  Practically all that has heen achieved along such lines i the demonstration that
coral polyps are constrineted on the <ame plan ax the polyps of the principal group of the
Actiniaria. the ITexactini: in other words, that the nesenteries and other organs are arranged
in a eyclical hexamerous manner.

Many writers have contributed deseriptions and figures of living coral polyps: yet so few
differences are determinable from external characters alone that Madreporarian morphology has
been bnt little advanced thereby.  Foradmirable reproductions of the external eharacters of living
corals the works of Quoy and Gaimard (1530), Dana (1846), Klunzinger (1577), and the elab-
orate work of Saville Kent (1593). The Great Barrier Reef of Australia, should be consulted.  In
a recent contribution Prof. 1. de Laecaze-Duthicrs (1897) bas presented a very full acconnt of
the corals met with in the Mediterranean, and the dinwings of the living polyps are among the
tinest we possess.  Undoubtedly the hest illustrations of West Indian shallow-water corals, mainly
Hmited. however, to the skeleton. are those accompanying the Report on tho Florida Reefs, by
Louis Agassiz (I1850).  In ~*The Stony Corals of the Porto Riean Waters,™ Mr. Vaughan has
given thirty-eight photographic 1(,p1udu(,t10n.s of the more familar West Indian species (1901«),
followed shortly by a more complete series from Prof. . E. Verrill (1001).

Of the older writers on coral structure, Milne Edwards and TTaime (1857), in their classie
 [Tistoire Naturelle des Coralliaires.” have given all that was then possible with the linited means
of research available. It 1= only within the last two decades that any serious attempt has been
made to advance our knowledge of the anntomical structure of Madreporarian polyps.  The late
Prof. I1. N. Moseley. in 18820 proved that Nesdotopora and /‘mv'//u/m/w are true Madreporaria.t
and in his “*Challenger™ Report on the Deep-Sea Madreporaria made many other additions to the
morphology of the group (1SStL).

«Prof. A. 1. Verrill (1869, p. 518), from descriptions and drawings ot l’ru://npl)lu }m«l come to the same conclu-
slons as early as 1867.
403
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In the papers **Die Gattung (Tudocora™ (1851) and * Korallenstudien™ (18556, 1891). Prof.
A. . von [eider has deseribed in detail the anatonry and the relationships of the polyps to the coval-
lum in two speeies of  Cladovcora, and _stroldes calyenlaris, Dendrophyllic ramea, and Madrvacis
vharonsis. The work of von Heider is especially noteworthy on account of his eontentiou that the
skeleton of corals is devived from an actual ealeification of the ectodermal cells or calicoblasts.

Dr. G. 11 Fowler, in aseries of five papers, ““The Anatomy of the Madreporaria.™ appearing
in the Quarterly Journal of Microscopical Scienee, from 1885 to 1890, has deseribed in greater or
less detail the soft parts of a larger number of corals than any other student of the group. and has
brought togethier many important details of coral strueture.  In the introduction to his first paper
Fowler gives a review of the little that was then known of the anatomy of the Madveporaria.

Prof. G. (. Bourne, in two papers. also published in the Quarterly Jouwrnal of Microscopical
Seience (1557). describes at some length the anatomy of the covals, Fungiu. Mussa, ad Luphyllia.
In 1893 Bourne gaye a detailed deseription of the postewbryonie development of Firug /o, founded
on material collected by Prof. A. C. 1addon, while in 1599 e published a masterly aceount of
the nature and orvigin of the skeleton in the Anthozoa, dealing pavticularly with the Madvepora-
rian skeleton and the ealicoblastie layver.  Bourne has also contributed the article ~*Anthozoa™
to Prof. Ray Lankester's Treatise on Zoology (1900), wherein he gives a clear account of wany
of the structural details of the Madreporaria.

W. L. Sclater, in 1836, contributed an anatomieal deseription of Stephanot roclos noseleyanus,
and J. Stanley Gavdiner (1900) has given a detailed account of the **Anatomy of a supposed new
species of  Cnopsanoia from Lifus” Miss Edith M. Pratt (1900) has described the anatomy of
Neohdlia poredlana (Moseley).

Prof. G. von Koeh, in a large series of papers, extending from 1877 to the preseut day, has
probably done wove than any other worker toward elucidating the problems of Madreporartan
morphology. on the correct lines of embryology and the relations of the hard and soft parts as
revealed by microscopie sections.

Prof. 11. de Lacaze-Dnthiers. in 1872-73, made two valuable embryological contributions,
 Développement des Corallinires,” and records the results of the first attempts to rear coral larvee
to the skeleton-bearing stage, while his figure of the anatomieal velations of the soft und hard
parts of _istroides calyenlaris has been copied into many of the text-hooks of zoology. Two
recent publications of lacaze-Duthiers (1894, 1897) contaiu descriptions of a number of carly
stages in the development of several coral species.

Prof. 11. V. Wilson (1858) has carried out a very eomplete study of the embryology and luval
stages of Manicina arcoluto, as far as the stage at which the skeleton was ahout to appear: Prof.
AL . Haddon (1590) has also published votes on the newly hatehed lavva of Ewphyllia.

In all probability the polyps of not more than fitty species of corals have heen anatomically
studied, and then often incompletely, owing to the nsutliciency of well-preserved material. Tt
must be acknowledged, that in <o far as the results throw hght upon the important question of
the natural relations of the vavious groups of corals. they are disappointing, espeeially when the
areat amount of kibor involved in conducting the huvestigations is taken into account.  Similav
anatomical rescarches carried out on the allied gronp of the Actiniaria, by workers such as the
hrothers Hertwie, Haddon, MeMurrich, Carlgren, and many others, have resulted in placing
our knowledee of these forms upon a fairly satisfactory morphological hasis.  No doubt it will
yet he possible to accomplish the same for the Madreporaria, as the polyps of more species,
especially reef-builders, become fully known.

A residence in Jamaiea. in the neighborhood of coral reefs. has afforded me the opportunity of
studying, within the past two or three years. the West Indian shallow-water eorals iu their living
condition. and of preserving thew for subsequent examination.  And in this connection [ desire to
record my appreciation of the liheral action of the Board of Governors of the Institute of Jamaica
v enabling wme to earry out such researches. purely scientifie in their nature.

In the shallow watevs of Kingston ITarbor, Jamaica. oceur free eolonies of the following speeies
of corals: Lorites divaricata, Manieina areoluta, Siderastrid radions. Cladocora abuseula, Solen-
astrava Dyades, sand Ocul i diffusa. Any of these ean he easily kept in aquaria in a laboratory,
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for weeks or months at a time, hy simply renewing the fresh-water lost by evaporation.  The
funetional activity of nmmnerons symbiotie unicellular algw (Zoowanticlliay, present in the endo-
derinal tissues of each species, is suflicient to maintain the water in a fit state of acration and purity.

For typreal reef-building corals, such as species of Wed v pora, Porites, Weeandrina, and Orbi-
colla, the most convenient collecting spots are among the small gronp of coral islands, termed
“Cays="" hevond Kingston arborand Port Royal.  From the reefs surrounding these over twenty
turther species are to be obtained, and other localities around the island yield practically the same
forms: also at certain places in Kingston Llrhor veef-huilding corals occur at accessible depths,
As would be expected from the uniformity of climatic conditions, the Jamaican corals are such as
are venerally distributed thronghout the entire West Indian region.”

All the species here studied have been examined in their living condition, and usually from an
abundance of material.  In most cases the colonieswere kept alive for some time within the labora-
tory. =0 that the varyving aspects of the polyps during expansion and retraction eould be observed.
Much indeed of the character of the polyps is to be obtained in this way. which is impossible from
retracted preserved polyps.

Most of the material for anatomical study was preserved with the polyps narcotized in a
partly expanded condition. in order to render possible & better study of the relationships of the
varions organs and of the skeleton.  When killed otherwise the polyps shrink deeply within the
calice. the stomodweum becomes tlattened by resting upon the central portions of the skeleton, and
the arrangement of the mesenteries, ete., can be ascertained only with difliculty. For narcotiza-
tion I have employed either magnesium sulphate or menthol. and hoth methods give satisfactory
results.  The use of menthol as a narcotic 13 very simple. It is mercly necessary to sprinkle o
few crystals on the surface of the water. when the reagent becomes slowly absorbed and gradu-
ally anwesthetizes the polyps: pure formol is then added to the water in suflicient proportions to
make a 5 per cent. solution. and the polyps usually undergo no further change.  The polyps may
retract and shrink slightly if the process of narcotization is incomplete. but never to the same
extent us if preserved directly.  Though very desivable for museum purposes, a polyp expanded
to its utmost offers no advantages for anatomical and histological study.  The tissues in this con-
dition are so attenuated as not to permit of the characteristies, especially those of the musculature.
being determined with the same facility as in only moderately expanded examples.  Usually the
polyps expand fully only at night, or when placed in the shade, and the process of narcoti-
zation requires several hours. At night it was generally found eonvenient to add slowly the
crystals of magnesium sulphate or menthol and allow them to act upon the polyps until morning.
when thie addition of formol hrought about no retraction.

The proper preservution of the soft tissues of the Madreporaria has always been a matter of
some ditliculty. but the employnient of formol i found to he fairly satisfactory. 1 have adopted
it as a 5 per cent. =olution in cither fresh or sea water. Especially is the reagent serviceable on
account ot its penetrative powers; in all cases the preservation of the internal tissues was equal
to that of the external, the ciliation being recognizable in most instances.  There ix an element of
uncertainty, however. as to how long the histology will remain perfeet in the formol solution
alone. In sonte instances material which had remained in the original preservative tluid for
five or =ix months has heen found satisfactory for microscopic study. but in others a slight
maceration hax taken place.  In this latter casc the details of the anatomy and courser histology
can be ~till made out. but the more minute histology is imperfect.  The possibility of naceration
holds expecinlly for forms like /2orites, which exude a large amount of mucus on preservation.
To guard against such risks, I have found it necessary to transfer the specimens, shortly after
preservation in formol. through the ditferent grades of aleohol up to 90 per cent. Where material
intended for histological research has to be kept for some time this is undoubtedly desituble.  On
the other hand. for museum purposes expanded coral polyps, anemones, and meduse have been
kept in o solution of formol for several years without any obvious deterioration.

aFor lists of these see the papers by Pourtales, Agassiz, Queleh, Duchassaing and Michelotti, Verrill, Gregory, and
Vaughan, referred to in the BihlHography. The figures and references to coralsin the old matural histories of Jamaica
by Sir Hans Sloane (1707) and Dr. Patrick Browne (1756) are well worthy of notice, as also those of Lesueur (1820).
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An agueous solution of corrosive sublimate or corrosive acetic has also been employed with
oreat advantage, in that it fixes the tissues so completely that on decalcification there is little or
no alteration in the relationships of the different organs. 1t is mueh superior to formol or alco-
hol in this respect.  Before commencing the decaleifieation of material which has been in aleohol
or formol for some time, I have often found it advantageous to pass it through a solution of cor-
rosive sublimate.

Dicealettieation has generally heen pertformed in a weak solution of hiydrochlorie or nitrie acid,
after the material has been thoroughly hardened.  The acid is added drop by drop to a fragment
of the coral still in the preservative fluid in snthicient quantities to maintain a slight etfervescence.
From one to two days are requived for the decaleitication of small pieces of porous corals, such
as Mdrepora and Pordtes: whereas the decaletfication of dense coralla. like those of Nidepust reea
and Oculina, occupies three or four days.  Where it has heen desirable to carry out the decalei-
fication with special care, as in investigations of the calicoblast layer and skeletal matrix. very
weak solutions of acetie and chromie acids have been employed., and then the process requires a
mnch longer period.  When, as is uswally the case, perforating algal matter occuvs within the
skeleton, 1t is advisable to remove this from tine to time, o as to keep a fresh calearcous surfaee
exposed.,

1f decalcification of properly fixed material be slowly cavried out, there is little or no dis-
turbance of the primary relationships of the soft parts.  After a few attempts. I conclnded that
nothing was to he gained by nuking preparations of the hard and soft parts /7 s/7in, such us are
obtained by embedding fragments of a colony in canada balsam and then grinding down to micro-
scopic thinness.  All the figures of the sections are, o far as concerns the relationships of the
soft and hard parts, actual reproductions of camera lucida drawings.  The irregularity in outline
of many of the septal invaginations can be understood when one considers how generally the
septa are provided with spines or granules.

Much of the work has been carrvied out while in Jamaica, and the reminder duving the
academical year 1899-1900, in Professor Brooks's biologieal laboratory at the Johns Hoplkins Uni-
versity. My thanks are due to Prof. W, K. Brooks for many valuable suggestions and much
kindly interest during my stay in Baltimores; also to Prof. A. €. Haddon, of the Royal College
of Scienee, Ireland, and Prof. G B. Howes, of the Royal College of Seienee, Liondon, for much
asststance and encowragentent from time to time during the progress of the work. I am indebted
to Rear Admiral (then Commodore) 11, N. Henderson for gencrously atlording me facilities for
collecting in the waters around Port Royal and the Cays beyond. M. F. Wayland Vaughan, of
the United States Geological Suryvey, has assisted me in the specifie determinations.  In his recent
account of the fossil corals from Curacao (1901), and also of the stony corals of the Porto Rican
waters, Mr. Vaughan (1801¢) has dealt with the difficult subject of the synonyimy of West Indian
corals.

The paper is divided into two parts.  The first is devoted to a more general description of
the external chaueters and morphology of coral polyps, so far as the material available will
permit, and the second to a deseription ot the external charaeters and internal anatonmy of certain
representative species. To the former a few notes on Iarva and postlarval development are
added. which. although incomplete, assist in an understanding of the significance of many of the
adndt features,  In a large measureg also, 1 have carried ont comparisons with the better-known
Actintavia.  The polypsof the two groups are so closely alike that a knowledge of the characters
i the one often assists in throwing licht upon conditions in the other.  In the sceond or system-
atic part. I have ventured to indicate some of the hroader lines of relationships among the Madre-
poraria. suegested by the new faets obtained. and have attempted for the first time generie
diagnoses in terms of the polyp. 1t will be understood that where generie characteristies are
given they have veference only to the representatives here studied.  The isolation under which the

«Nince the presentation of the paper the stndies have been continued, and results of some importance obtained,
whiel amplify certain of those here given, particularly those on growth by gemmation and fissiparity. They are
referred to in foot-notes on various pages.
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work las beeu carrvied out, away from collections of all hut West Indian coralz, has rendered
impossible a comparison with other speeies.

A complete knowledee of any coral form emn he obtained only from w full description of hoth
the polypal and skeletal parts. sneh as has heen curied outin a few eases by Fowler, von lleider.
Bourne, and Gardiner.  But in the present instance it has been deemed advisable to confine the
studies wholly to the soft parts: for <ome time such will remain the most pressing need among
workers of the group.

The main object of the work has heen to determine, from an exantination of as many coral
forms as possibie. the principal facts of morphology within the eroup. and the illustrations are in
the nin limited to these.«

« The following ix the list ol species studied.  The terminology and orthosraphy adopted is mainly that of
Milne and Edwards and Haime (1857).  The recent papers of Vaughan (1901, 1901a) and Verrill (1901) have shown
that this ix in great need of revision. [ have added the nanres suggested Dy these authors where they differ from
those here employed. In the descriptive part of the work the usual references and synonyms of the species are
omitted, as these are sutliciently noticed in the papers mentioned, and al#o in that of Grregory (1895).

Mudrepora wricate. Linnweus—forma evervicorais ( Lam.): forma peolifera (Laniy; forma palmate (Lan.)=Isopora
muricate (Linn. ) [ Vaughan]=Aeropora muricata (Linn.) [Verrill].

Porites astrovoides Lamarck = Pocites astrevides Lam. [ Vaughan]= Porites astreovdes Lam. [ Verrill].

Porites clacacia Lamarek = Porites porites (Pallas) forma elararic Lam. [Vaughan] = Porites polqmoepla Link [ Vernll].

Porites furcate Lamarck= Porites pocites ( Pallas) forma fiercata Lam. [ Vaughan].

Poritcs diraricata Lesueur= Porites pocites (Pallas) forma diraricata Le Sueur [Vaughan].

Astrangia solitaria Lesueur.

Phullangic awmericana Milne Edwards & Tlaime,

Cladocora arbuscula ( Lesueur),

Orbicella womdaris (Elliz & Solander )= Orbicclla acropora (Linn.) [ Vaughan].

Orbicella radiata (Ellix & Solander)=rhicella cavernosa (Linn,) [Verrill].

Orbicella carernosa (Linmzeus).

Nolenastraca hyades (Dana).

Stepliawocania intersepla (Esper).

Fuavia fragun (Esper).

Dichocwnia stokesi Milne Edwards & [Taime,

Tsophyllict dipsacea Dana.

Manicing areolata (Linneus)=Maaadea arcolate (Linn.) [Verrill].

Colpophyllic gyrosa (Ellis & Solander )= Maniciva gyrose (Ell & Sol.) [Verrill].

Mecandrina labyriathica (Ellis & Solander) = Platyqgura labyrintlice (e Sueur) [Vaughan]=Maaudra cerebrum (ElL
& Sol.) [Verrill].

Diploric labyrinthiforinis (Linnweus ) =Meaudra labyriathiformis (Linn. ) [Verrill]. :

Pectinia meeandrites { Linngweus ) = Maandrine maandrites (Linn,) [Vaughan].

Oculina difusa Lamarck.

Niderastraa radens (Pallas).

Niderastra sidicea (Ellis & Solander .

Agacicia fragilis Dana.

Agariciu aguricites (Linneus),






PART L

GENERAL MORPHOLOGY.

In any living coral. be it a <imple or colonial form. the soft polyp above can be readily distin-
guished from the hard. ealearcous skeleton below. The latter is generally cup shaped. and serves
as a support and protection to the former. Structurally the polyp is very simple. and is either
distinet or united with others.  While alive it is variously eolored, and assumes very ditferent
appearances according as it ix fully expanded or retracted within it~ calice.  When expanded it
presents two distinet regions—a smooth column, generally eylindrical in outline. and terminated
distally by a more or less flattened oral disk. In the center of the latter is the slit-like mouth,
while toward its periphery are one or more eyeles of ximple or knobbed tentaclex.  Sometimes
the polyps. instead of bheing distinet and independent, retain but partial individuality, and
give rise to complicated discal. tentacular, and colunmmnar svstems,

Upon decaleification the nearly colorless basal or aboral region of the polyp becomes
exposed.  Thix ix generally cyludrical ov conieal, and very complex in detail, being deeply
grooved obliquely or vertically. and otherwise invaginated in correspondence with the skeletal
projections; terminally it may be truncated or tapering.

The interior of the polyp is hollow. but much subdivided by two series of vertieal parti-
tions, arranged in eyveles.  The members of one series—the nmesenteries—hang from the
body wall, their free edge provided with a filanientous organ, exeept above. where some unite
with the stomodwern depending from the margin of the oral aperture: the other partitions—the
septal invaginations—are wedge-shaped inturnings of the basal wall, which are occupied hy the
skeleton. and are arranged =o ux to alternate with the mesenteries. Invaginations of the
basal wall may also ocenr centrally. when they are nsuully connected with the septal inturnings.
The mesenteries cease before the aboral termination of the polyp is reached, while the septal
invaginations are best developed below. and distally never extend the whole length of the
expanded polyp.

Microscopically the body wall is constituted throughont of three distinct layers. very ditferent
in character. The outer comprizes various glandular, protective, and sensory elements; the
middle iz a nearly homogencous. jelly-like substance: while the inner is mainly constitnted of
olandular and muscle cells. and is often loaded with nnicellular algw. the so-called zooxanthellze.

On any colony new polyps. originating either as buds or by division of xome other polyp,
are to be found in various stages of growth. Within the mesenterial mesogloea of the mature
polyps may occur groups of sexual cells. wnd within the polypal cavity may he free larve
undergoing the carly phases of development.  Such are the broad features characteristic of
Madreporarian polyps. and these will now be deseribed in greater detail.

COLUMN WALL.

Ax comparatively few coral polyps have heen deseribed from their appearance in the fnlly
expanded condition. the descriptive term cofwsmn has heen but little employed in Madreporarian
literature. though of universal recognition in works on the Actinize for the corresponding region.
When coral polyps are fully expanded their colnmnar character is usually very obvious, but in
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the retracted condition it is not so evident, and is further confused because one portion of the
colnnn may be within the calice and another outside: also. owing to the colonial habit of most
species, the line of separation of the column wall of one polyp frou another is not always readily
determinable.

The retention of the word column becomes absolutely necessary for w correct appreciation
of the morphological relationships of the corresponding regions in the various types of coral
crowth.  The region admits of a very precise definition, and. except in a few instances, of distinet
Imitations on the living or preserved colony.  In the Actintaria the colwmnn includes the whole of
the polypal wall between the basal disk and the oral disk, the latter limited peripherally by the
outermost eyvele of tentacles, It ix also usually distinguishable from the rest of the polyp hy
structural diflerences, especially in the stronger development of the musculature distally.

Embryologieal resnlts indicate, s was first established by Professor von Kocli (1852), that
in Madreporarian corals the basal disk of the larva or voung polyp first gives rise to the skeleton,
and. however complicated the latter ultimately hecomes. the tissues lining it directly (skeleto-
trophic or skeletogenic) are morphologically those of the base. It follows from this that the line
at whicl the skeleton-producing tissues puss into the superticial tissues is the boundary between
the true basal disk and column (PL XTX| tig. [37;.  The latter will thus include all the superficial
part of the polypal wall between thisx boundary and the outermost row of tentucles. and nowhere
tales any part in the formation of the skeletou.  Colunmm wall and oral disk will thus practically
correspond with “*oral body wall.™ and basal disk with “~aboral body wall,™ ax these terms are
employed by Fowler, Ogilvie (1896, p. 107), and others. By hody wall or polypal wall T under-
stand the whole or any part of the wall of the polyp—Dhase, column. and oral disk.

In simple polyps. and at the margin of colonial polyps. the boundary between the hasal wall
and the column wall is entire. and i+ indicated by a marked histological diflerence: but in colonial
polyps, elsewhere than at the margin, interruptions exist which permit of free comnmunication
between the internal cavities of the various polyps constituting a colony (L X111, fig. 87).  Mesen-
teries ave attached for some distance along the hasal skeletotrophic wall, and then pass up the
column wall, and tn the caxe ot the complete members e continued aeross the disk and down
the stomodaeun.

The colmmn wall, ax above detined, is casily distinguished in the simple polyps of Llstrangia.
and  Llyllangia (P V fig. 46): but in colonies, where the asexually produced polyps remain
comiected with one another, the limitation of the wall of the individual polyp is not always
readily determinable externally.  Many colonial genera, inclnding such as Orbicclla, Siderast reca,
and Lorites, display a smooth polyveonal groove which vepresents the external line of demarvceation
of the polyps. The superficial tissues are in partial continuity with the skeletotrophie tissues
along these grooves. either directly or through the intermediation of the mesenteries, and the
groove is therefore incapable of elevation above the skeleton. even on full expansion (Pl 1X.
fig. 67).

The two or three polyps. which as a rule constitute the sub-colonies of (7udocora. aflord
teresting stages in the separation of the hody wall of polvps primarily united (PL V1, fig. 43).
Usunally each polyp presents a free portion along its lower margin. where the ectoderni of the
colummn can be seen to pass into that of the base, while the remainder is nnited with the termina-
tion of the wall of the other polyps. the line of union being indicated by a groove.  As the
polyps increase in size this line of connection diminishes in extent, the commiunication hetween
the cavity of one polyp and of the other censes, and ultimately the polyps separate, though
wsually not hefore each has given rise to one or more buds.

The polyps of Gewling (Pl XXTIL figs 149) are spirvally arranged. and as a rule widely
separated: in the older regions of colonies the limitations of the individual columns are uot
readily seen, but can be easily made out in young colonies, and at the growing regions of others.
Where the boundary is indicated the pericalicular mesenteries extend as far as the limitations
of eacli polyp: but where the polyps have hecome widely separated, the meseunterial prolongations
cease hefore the linntations of the polyps are reached, and then no actual boundary hetween
one and another persists.
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In tissipnrous genera like i and Jsopliyllic, in which one or a few oral apertures nay
oceur on a single disk. a single wall is connnon to cach disk, but is separable from those adjacent,
as in the eases just described. The fissiparous conditions met with in these genera hecome
more complex in Mawicina, Mawudrina, Peetivia, and Colpophyllia.  ere the columm wall,
like the disk and the tentacular zone, is common to a large number of oral apertures, but
along the theeal videes (collines) a longitudinal groove oceurs, separating the colwmn of twe
adjacent systems. .\ further eondition ocewrs in lywricio. New polyps scenn to arise hy fission,
and each possesses its own system of tentaeles: there iz, however, no precise boundary line ov
groove between the column wall of adjucent polyps. .\ prominent thecal vidge imperfectly
marks ofl one polyp from another (L XX1V, tie. 162), but no external indieation is aflorded
that the column wall becomes adherent to the corallum along its apex.

Madrc pora ix another genus in which no external demareation oceurs hetween the superticial
tissuex of the various polyps making up a colony: it ix impossible to say where the column wall
of one polyp ends. and that of another begins.  As shown on PL 1L fig. 1, representing a fully
expanded apical polyp, the free evlindrical region, which should undoubtedly be regarded as a
cohunn, passes directly into the superficial covering ot the eolony: but on this there is no groove
limiting the column ot one polyp from those surrounding it.

In simple corals. and around the periphery of colonies. the lower or proximal extremity of
the columm wall ix closely adherent to the corallum. and upon decalelfication its uninterrupted
passage into the basal skeletotrophie tissues can he followed, the histological structure of the two
differing greatly. The upper distal margin of the colummn continues to grow upward, the lower
extremity keeping pace with it. and the skeleton below is thus left exposed.  Usually foreign
cerowths, particularly Nudlipores,” in time settle upon the exposed part of the covallum: or it may
be attacked by destruetive agents. such as boring sponges o mollusks, or by tubiculous worms.

At the actual boundary of the columim wall and basal disk a thin deposit of caleareons matter
usually takes place. which in coral terminology is known as the “epitheca.”™  This generally
shows signs of stratitieation or wrinkling, the thickened lines representing periods when the
upward growth ot the polypal margin was not proceceding rapidly. and consequently more
calcareous formution took place.  1n the early stages of  Mowwicina arcoluta. the colomn wall
practically envelops the whole of the corallum, and all stages in its growth upward. according
as the colony eularees. can he obtained.  In the skeleton the epitheea is clearly seen ax a fhin
calcareous layer resting upon the edges of the costae, its upper margin indicating hoth the
proximal extremity ot the column wall and the commencement ot the skeletotrophic tissues
when the colony was alive.  The region at which the epitheca is formed is clearly seen on Pl XIN,
fic. 137, representing a section through a young polyp of Wwwicina, and also on PL XTIV,

RANDPLATTE OR EDGE-ZONL, ((IENOSARC, C(ENENCHYME.

The term ©* Randplatte™ was originated by von Heider (1851, p. 4). when deseribing the exter-
nal features of the Mediterrancan ¢ ludocore, to inelude the continuation heyond the crown of
tentacles of the soft parts of the polyp over the horder of the calice. It has since been exten-
sively employed in Madreporarian literature by Fowler. Bourne. and Miss Ogilvie, the latter of
whom introduced “*Edge-zone ™ ax its English equivalent (1896, p. 108).  Referring to the name,
G. von Koch (1886, p. 342). in a foot-note, draws attention to the fact that the region alluded to
i< no structure =ui generiz,” and therefore possesses no independent morphological significance.

In expanded eoral polyps there ix really no demand for such a deseriptive term, as in this
state the column wall stretehes vertieally, inundivided continuity., from the margin of the tentacu-
lar crown fo its line of union with the wall of the surrounding polyps. and, except fora stronger
development of the endodermal musculature above, the histologieal structure of the wall is the
same throughout.  Most of the mesenteries also extend the whole length of the column.  Where,

aIn .Istrangia solitaria the incrusting Nullipores sometimes grow upward with such rapidity as to cover the whole

of the external suriace of the corallites, displacing the pericalicular part of the polyp. They may even extend over
the thecal edge so as to sensibly diminish the aperture through which the polyp protrudes.
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Lowever, the calicinal wall extends peripherally far upward within the cavity of the polyp. then
upon vetraction of the latter the npper region ot the column becomes drawn within the calice. it
the Tower region, still with the mesenteries attaehed to it, remains outside. It is to this external
area of the column wall, often sharply nmarked oft in retracted polyps, that the term * edge-zone™
is usually restricted.  As a result of the smne upgrowth of the calicinal wall, the cwelenteron
likewise becomes separated into calieinal and periealicinal or perithecal portions, each parti-
tioned into chambers by the mesenteries, and less =o by the septal and costee (PL VI tig, 54).

Among corals like /opites and S/derastrea, in which the calieinal wall is common to adjacent
polyps. and the septa are but little or not at all exsert, there can possibly be no extrathecal. or
rather pericalicinal or perithecal. continuations of the tissnes, and no edge-zone.

By edge-zone ™ Dr. Ogilvie (p. 108) understands ** that the mesenteries of the interseptal
loculi are continued into the intercostal loculi,” thus ¢iving a more precise meaning to the term
than was done by von Ieider.  Among all the forms here studied. which arve provided with a
perithecal continuation ot the gastrie cavity into intercostal loculi, Jedrepora is the only one in
which the mesenteries also are not prolonged perithecally.  In this genns the superficial covering
ot the colony is continuous with the columm wall of the polyp, and, as shown on PL 1. fig 2. the
ceelenteron is directly continuous over the edge of the theea with the superficial canals, but there
ix never any trace of external mesenteries.  In the expanded polyp the mesenteries are seen to
pass from the extruded cohunn wall divectly into the calice, and the column wall below, unsup-
ported by mesenteries, rests diveetly upon the skeletal echinulations.

The preeise definition given to the edge-zone affords Miss Ogilvie the opportunity of accom-
plishing the same for the somewhat loosely employed term ** Canosare.”™ By this the authoress
(p. 108), following Bourne (1888, p. 26), signifies > an extrathecal part into which the mesenteries
do not continue.”™  Canosare will. of course, consist ot two distinet tissues: the skeletal coveving
proper (base), and the superficial covering to the colony (columm wall). the two separated
wore or less by a continuation of the gastro-ceelomic cavity.® By universal acceptation, ** Caen-
enchynie ™ ix the ealeareous deposit originating from the ceenosuwre, and this is only laid down by
the skeletotrophic layer, the inner of the two external tissues.  According to the definition of
ceenosare and cenenchyme just given, Modrepora adone, among all the forms available for stndy,
i~ characterized by these structives: that is to sav. the only genusin which the perithecal walls of
the polyp are without mesenteries (P1L 1).

One of the most illustrative examples in this conuection is (ewl/ye. In all the definitions ot
the genns one of the characteristios given is the presence of a solid ecenencliyme.  Yet through-
out young colonies. and in the growing regions of others, the mesenteries are prolonged
perithecally. so as to extend as far as the spiral groove of separation of the snpertficial tissues of
the different polyps. und the corresponding grooves on the skeleton are determinable throughout.
It is only in the older regious of large colonies that the niesenteries do not extend the whole
length of the eohunn walll and the skeletal surface then becomes perfectly smooth. with an
absence of grooves or costal ridges.  Under such cireunistances it becomes impossible to draw
any sharp line between edge-zone or eolunin wall and canosare. The latter is merely the extra-
alicular region of the polyp into which the mesenteries are not prolonged.

Bourne (p. 26) states that & common ceenosare is due to nothing more than a persistent
eonnection between the *Randplatten’ of adjacent polyps. and that the two structures wre
homologous.™  This undoubtedly holds for some forms, e. ¢.. Galuarc, but the first portion of
the definition can scarcely be regarded us applicable to cases like Jladrepora. where, by defini-

@At the points where the ecenosare rests upon the coxtal ridges or echinulations the two coverings are combined,
and the skeleton is here overlaid only by the superficial ectoderm, the mesoglaea, and the calicoblastie ectoderm
(Pls. I, 11).  The perithecal gastro-coclomie cavity then becomes represented by eanals, often reticular in char-
acter.  Fowler (1888, p. 7, PLXXNXII, figs, 2, 3) shows that in _Gaphilelic ramea the direct adherence of the polypal
wall to the skeleton may become very broad, the eanals being, as it were, pushed apart from one another and greatly
narrowed.

Of the canals in Covopsananic Gardiner (1900, p. 361) observes: ** The canosarcal canals in fact are simply
extratheeat portions of the cadlentera ol the different polyps, whicli serve to connect their intrathecal or gastrovascular
Jortions,



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 413

tion, there is no Randplatte. and one can hardly employ the tern homologous in connection with
structures which are merely continuations ot one another.

Cenosare then, no more than Randplatte, is a polypal stvuctwre > sui generis: ™ the (wo are
merely special regions of the column wall and underlying skeletotrophic layer, in the latter case
provided withmesenterial continnations, and in the other devoid of them.  Canenchyme likewise
is tnxeparable from the portion of the thecal wall laid down by the extratheeal layver of the
morphological basal disk, under whatever name it may be known.  The terms have merely a
topographical, not a morphological. significance.”  In the following pages column wall will
generally include the whole of the external body wall. from the line at which it passes below into
the skeletogenic tissues to the outer margin of the tentacular zone above.

Fowler, in his studies of various speeies of corals, has given much attention to the rvelation-
ship of the peripheral part of the colummn wall to the skeleton, partienlarly to the manner in
which it may be said to be supported. At tirst it appeared that in species without canenchyme
the column wall was supported upon only the perithecal continuations of the mesenteries
(- peripheral lamelle ). while in species with ceenenchyme the wall was directly supported
upon only cchinulations of the skeleton. PL VII fig. 54, and PL. XIX. fig. 132, will serve
as exaples of the former. and PL 1. figs. 2-6, taken from Wadrepora, ave instances ot the
latter method.  Later, however, Fowler found that no such rule could be maintained; that the
two methods of support —mesenterial and echinulate might co-exist in the same form, e. g,
A][;/L]l"((‘/‘»\‘. ¢11/?[)/[ [‘/IV]!",/.

Wheve mesenterial continuations ocenr, the peritheeal portion of the polypal cavity exists as
a sertes of simple vertical canals; hut where mesenteries are absent, and the column wall rests
divectly upon skeletal ridges or echinulations (Jadrepora). the cavity is usually broken up into a
complicated system of canals.

FORM AND ANATOMY.

Externally the column wall of coral polpys presents few structural modifications compared
with the same vegion in the Actiniaria,  There is an entire absence of the simple o complicated
columnar outgrowths often displayed in the latter group. and nothing comparable with a capituluim
or evele of acrorhagi has been observed, the column always passing uninterruptedly into the
tentacles.  Practically the only external distinetion in this direction concerns the surface of the
column. whether smooth or verrucose. The latter condition ix hrought about by the presence of
teeth or spines on the edges of the costwe and septa.  Where these occur the polypal walls on
retraction come to rest upon them. and the arveas over the projections hecome slightly raised
above the geneval surface, assuming a warty appearance: and even on tullest expansion, when
free from the corallum, the tubercle-like character rarely entirely disappears.  Sometimes the.
verruce are indicated by a slight color distinetion, and often give a coarse appearance to the
polyps.  Where the edges of the costee and septa are smooth. or only finely toothed. the surface
of the outer polypal tissues is likewise sinooth. Histologically the verruca present no diflerences
from the rest of the column wall, except that their constituent luyers ave generally thinner.
They are thus to be distinguished from the verrucwe of Actinie. which are slightly moditied
evaginations of the wall, or more often tuke the form of vertical rows of suckers, with a
strongly marked histolovical modification.  The vervuewe in corals are characteristics dependent
upon the form of the skeleton, rather than a structiral differventiation of the soft tissues.

Corrvesponding with the costwe and septa, the verrocwe are arranged 1 vertical intermesente-
rial rows, larger and smaller rows often alternating, in agreement with the large and small skeletal
partitions.  This ix readily scen in species of Orbicella, Furin, and Manicina, while in Heeandrina
all the rows are equal.  The verrnce in any single row are somewhat irregular in size and height

¢ The study of the Conopsaunania from Lifu has lead Grardiner (1900, p. 361) to define ceenosarce in such a way as
to make it much more embracive than would either Bourne or Miss Ogitvie. Thus: “The Cenosare is that part of the
pebyps in a colony which lies outside but not abore (i, e. tn expanded state) the theea of the several coradlites.  The ‘ Randplatte’
of von Heider and von Koch, the ‘edge-zone’ of Miss Ogilvie, ix then that part of the cwenosare which lHes over the
Iree portions ol the corallites.”

Vol. —No. ——2
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in a form like Zsoplyllia, where the septal and costal spines are very variable in the amount ot
development.  The external grooves which separate the verrucal ridges correspond with the line
of attachient of the internal mesenteries, and are always sniooth.

Apparently there are no permanent apertures in the column wall of Madreporarian polyps.
such as zoophytologists are familiar with in the ** Cinelides ™ of the Sagartids among the Actiniaria.
Through these latter the thread-like **Acontia,” loaded with nematocysts, are extruded when the
polyp is irritated.  The majority of coral polyps. however. have the power of extruding
prolongations of the mesenteries hearing coiled mesenterial filaments along their edge (p. 475), but
these can evidently perforate any portion of the superficial tissues, the disk equally with the
columm wall.  Careful examination of the body wall, betore the filunents are extruded. fails to
reveal any apertures, and their irregular distribution, sometimes over nearly the whole external
surface of the polyp. wounld suggest that the apertures are merely temporary and may be
produced at any point.  On PL VIIL fig. 64, is represented a section through a portion of the
colomn of a polyp ot rbicellu annnluris throngh which the filamental part of a miesentery is
extruded.  No histological modification whatever can be made out in the wall itself; the aperture
is a mere interruption of the layvers for the pussage of the mesentery and it< filument.  Upon the
polyps settling down after irvitation the filunents are slowly indrawn. and ultimately no external
indications remain of the apertures through which they protruded.  In sonte cases the openings
have been observed to remain distinet for a short time after the indrawal was completed. but the
injury. if such it can be regarded, was soon completely healed. :

On full expansion of the polyp the cohunn may extend for some distance above the coral-
lun, and ix either evlindrical, oval. or irregular in form. Proximally. where it ix fixed to the
skeleton. it assunies the outline of the individnal corallites, and henee may be etreular, polygonal,
or irregular.  Inspecies of Niderastraw and _garicia the column appears never to be raised niach
ahove the general surface of the corallum. and in forms like JMeaandrina. with incomplete polypal
separation, the column on both sides vises for many millimeters as a vertical expansion. with a
deep valley separating one polypal row froni another.

The form and position assumed by the intercalicular portion of the column wall upon retrac-
tion of the polyps varvies greatly.  In most cases the upper region of the colunm becones folded
inwardly over the edge of the theca, while in some it is merely drawn downward. In the
former condition it cither comes to lie inclined downward against the oblique septa (Mawicina,
Mevandrina, ete.), or, by the action of the endodermal cireular nmscle, it extends horizontally.
terminating in a circular margin which nearly meets at the center. and thus almost covers
the disk below (PI. X. fig. 74). 1In Wadrepora the wall becomes merely drawn within the calice
without any overfolding (Pl. 1. fig. 2): in Siderasticea and Agaricie the column and disk
are simply depressed, and come to rest upon the skeleton, leaving the tentacles and mouth wholly
exposed (Pl. XXI1. fig. 150).

Variations in the position assumed by the column wall on retraction of the polyps are some-
times observable even in the same species. Thus the wall in Zorites cluraric may be slightly
folded over the disk, or, as in N/, pastreen, it may merely come to rest upon the covallar sirface.
the tentacles and disk remaining exposed (Pl IV tigs. 34 and 35).

Antong the skeletouless Llefiider the column wall is usually of <ome thickness, o as to
give more or less rigidity to the body of polyvp, but in the Madreporaria. where support is
atforded by the skeleton, the polypal wall is nearly always a thin, delicate, often transparent
structure.  In both groups the thickness of the wall is mainly determined by that of the middie
layer—the mesogleea, as both the ectodermal and endodermal epithelia vary comparatively little.
By contrast with that of most ancmones the mesoglea in the column wall of corals is. as a rule,
little more than a mere sepavating lumella hetween the inner and outer layers, except along the
lne of attachment of the niesenteries, wheve it hecomes sontewhat thickened in a triangnlar
manner.

The thickness of the column wall is also partly dependent upon the state of expansion or
retraetion of the polyp. On full distention all three layers bhecome greatly attennated. the
ectodermal and endodermal cells largely diminished in height. and the mesoglea scareely distin-
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guishable s a separate layer.  The walls are then much wore neavly transparent than in the
retracted state.  In seetions the column wall varies from 0.1 millimeter across in Asoplyllia
dipsaced to 0025 millimeter i L garicia fragilis.

The three polypal layers will uow be deseribed in more detail.

ECTODERM,

The ectoderm of the colummn of Madreporarian polyps is a regular, often ciliated, cohnmnar
epithelium. constituted mainly of unicellular gland  cells. suppovting  cells, and  seattered
nematoeyst-hearing cells: muscle and nerve tibrils are varely if ever recognizable in sections.
The nuelei of most of the cellsare arranged at nearly the sume height in the layer, and in sections
of moderate thickness give rise to o very definite nuclear band or zone.  The uuclei thus regularly
distributed are mainly those of the long navrow supporting cells: the nuclei of the gland eells
and nematoblusts are less restricted and oceur nearer the mesoglea.

The ciliation of the column wall = by no means so pronounced ax in the case of the stomod:eal
cetoderm and mesenterial ilaments, and few observations hwe been made to deterniine its
general distribution in the living polyp. or the conditions of its activity., Traces of cilia some-
tines renain v preserved material, and the eflects of it activity are often uoticeable on the living
polvp.  When light particlex of foreign matter are dropped on the large diseal area of a coral
like Janieina, they are secu to he slowly transferred to the marein of the disk, but, instead of
merely dropping over, they ave drageed in a definite manner along the column, and only
discardea. ax it were, when they reach its lower termination. When similar particles are dropped
on other living polyps they are likewise =et in movement in a more ov less detinite manuner. hut
no such action could he distinguished on the living tissues of Feric fragimm.

The glandular cells of the coliar ectoderi are mainly oval shaped toward the periphery
of the layer. and navrow internally: the hase is generally fibrillar and vests upon the mesoglwen
(tig. S).  The contents are nearly homogeneous and rarely stawn. usually appearing quite clear:
at other times they are finely eranular aud stain move readily.  The cells are mucus secreting,
aud their different behavior toward reagents probably indicates diffevent stages in the develop-
ment of the cell and itz secretions. 1o addition to the clear mucus eells, long. narrow glaud cells
occur of which the contentz are coarsely granular. and these take up most stains with oreat
avidity.  They seem to be different in chavacter from the other gland cells, and, as a vule, are but
sparsely represented.

In most cases the eland cells occupy the greater proportion ot the layer, <o much so that
in tangential sections through the outer portions of the ectoderm the cells form a close
polvgonal network. the interstices being occeupied by a few supporting cells (PLX{ figs. T6-75).
Quantities of cleav. colorless mucus ave given out by wost corals upon distuvhance. as, for instance,
when a fragment from a large colony is broken ofl: also upon preservation in a limited quantity
of =ea water suflicient mucus may be extruded to give a jelly-like cousistency to the liquid.  The
presence of the mucus upon the surface of a colony often interferes with the proper preservation
of the polyvps. This is especially the case with fp/zex, wheve hoth the ectodern and endoderm
ave hichly elandular (P IV).

As o vale the column wall of coral polyps contains a few scattered nematoeysts. which,
however, are uever aggregated into distinet batteries such as oceur on the tentacles.  They
are always small. of two or three kinds. and are eusily distinguished from the long, narrow,
tentacular form. or the large oval variety mwore characieristic of the endodern.

In the generva fsoplylliv and Mawndrina. and to a less degree in certain others, the
superticial tissuex in the living condition appear dense and almost opaque. Histologieal examina
tion reveals that the mesoglaa of the column wall in these is a little thicker than usnal. but the
chief cause of the opacity evidently lies in the contents of the cetodermal cells,  This 1s illustrated
by the genus Orbicella (Pl VIIL fig. 65).  Clear mucus-=ccreting cells occur with comparative
ravity, and the chief cellular constituents of the layer are long supporting cells, the uuclei of
which are elongated and arranged in a very regular zone. ~o closely that in places they appear to
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exert o mutual pressure upon one anotherv,  The deeper parts of the layer are characterized by
the presence of patehes of tinely granular pigment matter, arranged closely or somewhat distant
from one anothev.  In the arveas of greatest concentration the granules extend almost to the
periphery of the ectoderi, but they are mainly internal to the nuclear zone,  Probably they are
to be regavded as of the nature of prgment granules, and are to be distinguished from the granules
of glunduolar cells.  They are manifestly the chief cause of the general opacity of the hody wall
in many fissiparous species.  (See also. Zsopliyllio, Pl XV, fig. 122.

MESROGLEA.

The mesoglea ot coral polyps has generally heen described as a perfectly structureless layer,
without any of the migrant connective-tissue cells, such as are characteristic of the mesoglea of
the greater munber of Actinian polyps.  The homogencous condition is found in many of the
species here deseribed, especially where the polyps are small, but in others it hecomes somewhat
nore complex.  The layer stains feebly. or not at all. and when perfectly homogeneous and
transparent may be tudistinguishable trom the clear field of the microscope.

In lavee polyps. sueh ax Zsophyllic dipsacea, and also in Weandring, the mesoglas is rather
thick, and niinute conneective-tissue cells occur sparsely thronghout.  In sections the cells are
circular ov oval in shape, with a central nuclens, and minnte prolongations extend in all divec-
tions: many of these reach one or other of the surfaces of the layer, and there come into con-
tact with the ectodermal or endodermal cells.  In some instances the processes extemd right
across from one layver to the other, but arve mostly disposed in an irregular stellate manner.
Their ¢lose conneetion with the ectoderm amd endoderin wonld seem to indicate their origin from
one or hoth layvers. except in the mesenterial mesoghken, where obviously they can be dertved
only from the endodern,

The mesoglea is usually of wniform character and consistency throughout any polyp, but a
slight ditference is vevealed in preparations of Lsoplyllic dipsacen. which have been stained swith
borax carmine and methyl blue.  The layer ix colored a bright blue, but narrow tube-like por-
tions, which scarcely take up any colormg matter, streteh across the layer, or in other sections
appear ax small, ight-colored disks: with hematoxylin it remains unstained, and exhibits uo such
differentiation.

The ectodermal and endodermal surfaces of the mesoglea are mostly even. but in some
regions. especially on the face of a mesentery which bears the longitudinal musculature, the
swrface hecomes tolded, or may even form complicated branching plaitings, so as to afford an
increased arvea for the muscular tibrils (1. XVI1ILL fig. 130).  The endodermal surface in the
uppermost region of the column may alzo he deeply tolded for the same purpose (Pl XV,
fic. 121).  In no ease, however, has the museulature been found to become actually embedded
within the mesoglaea of the columu. such ax ocenrs among ancmones where a strong mesoglaeal
sphineter s fovimed (Swgartide).

Ax the mesoglaa is practically alike in structure thronghout the tissues of any polyp. it will
he unnecessary aeain to reter to it in detail in deseribing the individnal ovgans.  Along the line
of attachment of the mesenteries to the skeletotrophie tissues, and less frequently elsewhere,
peculiar mesoglaeal processes ocewr which seem to serve as a means of attachment of the polypal
tissues to the skeleton (Pl XITIL tig. 95).  They ave tnlly referred to on page 481.

ENDODERM AND SPHINCTER MUSCLE.

Gland cells, botl in the clear and granular condition, are the main constituents of the
endoderm.  Supporting cells are less munerous than in the ectoderm, while the nmsculature is

tIn a preliminary note, “On the Anatomy of a supposed New Species of Canopsammia from Lifu,” Mr. Stanley
Gardiner proposes the nanie “skeletoglea’ for the structureless lamella or jelly of the Actinozoa, instead of a
“makeshift ternn,” such a “mesoglaa.””  The introduction of this new term would undoubtedly lead to great confu-
sion if employed in the literature of skeleton-producing polyps, while such has never been the case with Bourne’s
term, now universalty adopted.  “Skeletoglan’ wonld have served aptly for the jelly-like, homogencous matrix in
which the skeleton is laid down (p. 483).  In his fuller paper (1900, p. 358), Gardiner prefers to use the term ““struc-
turcless membrane™ or “bascment membrane.”’
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hetter developed, and symbiotic algrwe or zooxauthellwe are nearly always present. The ctlation ix
feeble, and rarvely determinable in preserved material.

The endodernal Liyer is of much the sue character thronghout the polyp, whether iu the
column wall, tentacles, disk, skeletotrophie tissues. or forming the mesenterial epithelinm. It
way vary slightly in thickness in different vegions, and itun the greater or less preponderance of
elandular cells, while in uearly all the speeies a remarkable modification of the skeletotrophic
endoderm takes place in the lower regions of the polyp.  The layer here becomes much thicker
and loses its distinetly cellular character, appearing finely retienlar.  So greatly thickened does
the endoderm become that it often nearly obliterates the gastro-caclomic cavity in the most
proximal region of the polyp.  The chief constituents—nuclet, eytoplasimn. zooxanthellwe, and in
some cases granular gland eells—are mostly accumulated in a navrow peripheral zone. the deeper
portion hemg vacnolated or hearing only fine granules (Pl X, tigs. 73 and 75).

Zooxanthellxe oecnr in large numbers within the endodermm cells of all the spectes studied,
with the exception of  Phyllangic wmericane and Astpangio solitarie.  They ave usnally
distributed throughout the polyp, but are ntore nwnerous in the exposed tissues (column wall,
disk. tentacles) than in the endoderm of the mesenteries and skeletotrophic tissnes: they
even oceur within the internal canals of the perforate geneva Madrepora and [orites, but are
never found tfree or detached within the polypal cavities exeept in larvae.  \s described on
page 437, the organisims are the principal cause of the coloration of mauy coral polyps. Large
oval nematoeysts oceur in the endoderm of Furides and Wadrepora, but are absent from most
other genera.  Fleir nmmbers and distinetive form in the genera mentioned are sucli as to leave
no doubt that they are actually formed in the endoderm, not free examples injested from the
ectodern.

The circular endodermal musculature of the colummn wall appears to be always present in
coral polyps, as in Actinian polyps. though varying mnch in the degree of its development;
ax a rule it is stronger at the uppermost region of the cohunn wall than below,  Sometimes
the fibrils are scavcely to be found aunywhere. while in other species they become strongly
developed distally, and give rise to a typical diffuse sphincter muscle, such as is characteristic
of many Actinive (e.g., Corynactis). This is seen in speecies of Orbicellu, especially in the
targe O. carcrnosa. bt also in the smaller O annularis (P VI fig. 65).  Here, in retracted
polyps. the mesogleea is thrown into deep folds for additional support to the musenlature.  The
mnsele tibers hining the hollows or grooves never heeome separated from the superficial layer,
as happens in Actinians where the muscle is truly mesogleal.  In other species of corals
the mesoglaea forms only very slight folds, while again it may be perfectly smooth, indicating
a very weak muscular development.

The sphinceter muscle is more strongly developed in Jsophyllia dipsacea than in any other
species here studied.  Invertical seetions of the uppermost region of the columnwall the mesogleea
displaysone ormore special thickenings which are much plaited. the whole lined with musele fibers
(PL XVILiig. 121).  The structure very closely veealls the type of sphincter described by Haddon
(1893, p. 432) as oceurring i the Actinian  Waeroductyla, and there termed a *restrieted™
sphineter muscle. It represents a stage of muscular development more complex than that
deseribed as e ditftuse.”™  The phliitings appear on =everal axes of greater or less complexity; while
in the ** circumseribed ™ sphincter nuscle of Actinian anatomy they are restrieted to a single axis.
The amount of development of the sphineter muscle is manifestly dependent upon the size of
the polyp. the polyps of Jsophyllic and Orbicclla heing among the largest studied.

The action of the cirenlar sphineter musele is to bring about the overfolding of the distal
region of the cohunn wall upon retraction of the polyps. This oceurs in nearly all corals, and,
as already observed., it results that the coluinu wall almost completely hides the disk and tentacles,
leaving a small ecntral opening over the oral aperture.  Cireular constrietions may occur in the
column wall without any retraction of the disk, in this case the action of the colunmar
musculature is probably the same as before, but the retractor museles of the mesenteries have
not come into play and drawn downward the oral region of the polyp.

(. H. Fowler (1sssa. p. 12) was the tirst to record the presence of an undoubted sphineter
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muscle in the Madreporaria. having found the mesogleeal plaitings strongly developed in Nplen-
otrochus rubescens.  Gardiner (1900, p. 363) also deseribes a strong circular sphineter musele in
Carnopsammia,

The sphincter. sometimes known as = Rotteken’s muscle,” is usnally strongly developed in
Actiniaria, where it assumes very varied forms, and becomes of great importance for taxonomie
purposes.  Actinian polyps in general are capable of retraction to a greater degree than are coral
polyps. but where no sphineter is present the disk and tentacles always remain exposed.  There
is no doubt that the actual outline assumed by the mesogleal plaitings supporting the fibrils, and
giving its character to the musele, is lareely dependent upon the mnonnt of retraction and exten-
sion of the polyp. but still suflicient constancy remains to justify the importance attached to
the muscle for diagnostic parposes.

A few observations npon the general expansion and retraction of coral polyps may he here
given. ° ,
EXPANSION AND RETRACTION OF POLYDPS,

Only the more superticial tissues of coral polyps—column wall, disk. tentacles, and upper
puart of the mesenteries—are capable of expansion and retraction, the change being bhrought
about mainly by the action of the musculature of these regions. with an accompanying entrance
or expilsion of water from the polypal cavity. The skeletotrophic tissnes are destitute of musele
fibers, and thronghout remain adherent to the corathun. perhaps held in position by the peculiar
wedge-shaped or conical structures originating from the desmoeytes (p. 452): hence they take no

part in the varying aspects of the polyp.

Polypal expansion proceeds slowly by the imbibition of sea water into the internal cavity.
and the consequent distenston of the bhody wall.  The musculature being relaxed, entrance of
the water is effected through the oral aperture. probably as a result of the activity ot the
strongly developed stomodieal eilia,  On retraction of the muscles, and <ubsequent diminution in
size of the polypal cavity. the water is largely expelled, also throngh the mouth. In a colony
where the ceelentera of all the polyps are in connnunication with one another, there seems no
reason why water should not be abstracted from one region to another, so that the polyps in
oune part may be expanded and those in another retracted.  The polyps of one area of a colony
are often in a different state of expansion from those of another. If an expanded colony he
suddenly lifted out of the water. flaceidity of the tissnes almost immediately results. due to the
loss of water, and the latter can be aetually observed flowing from the internal cavity.,  On irri-
tation of a single polyp in a fully distended colony the polyp readily retracts, and those around
more slowly, the water issuing through the mouth as a distinet stream.

Polypal retraction is brought about by the united action of the musenlature of the mesen-
teries. column wall, disk. and tentacles, the first mentioned bheing probably the most important.
The longitudinal retractor muscles are always more or less well developed on one face of each
mesentery, the mesoglea heing often folded to give inereased area. By the contraction of these
nuscles the distal region of the polyp is drawn doswnward: at the same time the contraction of
the circular cudodermal musculature of the column wall aids in the shrinkaee. and the same is to
be said of the cirenlar musculature of the disk.

From the comparative developnment and arrangement of the muscle tibrils throughout coral
polvps. it is manifest that retraction is entirely dependent upon muscular contraction, while
expuansion ix mainly due to the relaxation of the muscles, tollowed by the entrance of water.

The external appearance of corals varies greatly, according ax the polyps are expanded or
retracted, and it s only from a full kaowledge of both conditions that a clear nnderstanding of
the relationships of the polyps to the corallum can be obtained.  On complete retraction the
superficial tissues come to lie more or less closely npon the upper part of the corallum. always
separated, of course, from direet contact by the adhering skeletogenic tissnes.  In strongly
refracted examples of most speeies the coste and septa ave scen through the polypal walls and
stand out prominently, and the tissues over them are nmeh thinner than the portions of the wall
which occupy the intervening depressions.  Where the edges of the septa or costre arve sharply
spimous, as in fsopliyllia, the points appear s if perforating the tissues: but it may he doubted
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whether this ever ocenrs naturally. as sections reveal only a great thinning of the layers.  Polyps
of Mudrepora. Cladocora, and Astrangia, having a tubnlar calice, are able to withdraw their
upper parts so deeply within the latter as to render the disk and tentacles almost invisible.
Most members of the Astrwvidas also partly withdraw themselves within the calice, and at the
same time, by the contraction of the sphineter muscle, the capitular region of the column wall
15 drawn, iris-like, over the disk and tentacles. leaving bnt a small central aperture through
which the mouth and central part of the disk can usnally be seen. 1 Wanieina and Colpophyllia
the columnar mnsculature i weakly developed, and when retracted the capitular region is
partly drawn downwardly and inwardly, covering the tentacles. but leaving the middle diseal ares
exposed.  In Wadrepora, Porites. Siderastria, and Agaricdo the column wall is very rarvely
overfolded: on retraction the disk and tentacles are nierely drawn downward, coming to rest
upon the corallmn, and the tentaeles, disk, and mouth remain exposed.

During full expansion the upper part of the polyp is elevated some distance beyond the
corallmm. and the perithecal portion of the gastro-ceelomic cavity becomes swollen.®  The
column wall. instead of being folded horizontally or downward over the theea. now stretehes nearly
vertically from its line of nnion with the other polyps and skeleton as far as the tentacular zone.
This alteration of form can be euasily understood in the case of distinet polyps. but not so
readily in species where the polyps are incompletely separated.

Janicina is a good exaple of the latter in which to compare the different appearances of
polyps on expansion and retraction. In the latter condition the meandering disk rests upon the
skeletal projections on the floor of the caliee, and the upper part of the colmmnar expansion lies
obliquely npon the upper edge of the septa, then folds over the marein of the theea, and is con-
tinued downward over the ontside ot the theea for a distance varyving in different examples.  On
full distension the disk is raised several millimeters above the skeleton, becoming mueh
broader and flattened. or even convex: the tentacles are arranged in a marginal zone, either
overhanging or partly involved in the diseal tissues. The eolumn wall is elevated vertieally,
its lower marein being the line along which the superticial tissues pass into the tissues lining
the skeleton. and this for the time being constitutes the lower fixed termination of the column.

Mevandring aud Colpophyllia are somewhat more complicated.  The living colony during
the day usually exhibits a meandering system of columnar ridges and discal valleys: the column
extends about half way within the caliee. tolded and slightly swollen ax it terminates, and more
or lexs hiding the rows of tentaeles.  Full distension eompletely reverses the relationship of the
disk and column wall.  The former now becomes raised from its depressed condition along the
floor of the calice nntil 1t 1s some millimeters wholly above the corallum. and convex in vertieal
seetion: the adjacent column walls ave also raised mntil they become nearly vertical, and are
either pressing against one another laterally. or separated only by a deep. narrow groove, at the
bottom of which lies the line of connection of the column wall to the skeleton.  The former diseal
valleys are now the ridges, and the thecal ridges the hottom of the valleyx.?

A fow observations have been made with regard to the external conditions which seem to
determine the state of expansion or retraction of coral polyps.  Asa generai rule the polyps are
not expanded to their full degree during the day, either on the reef orin the laboratory; but
the process begins immediately after sunset, and full expansion is maintained for the greater
part of the night.  Thus on bringing into the laboratory. in the eourse of the niorning. a collection
of specimens. they usnally remain retracted for the rest of the day, but after sunset (6.30 to 7.15
p. m. in Jumaiea) the polyps begin to expand until they attain their full dimensions. The
hody cavity is greatly distended with water, iand the colnmn wall and disk hecome raised some

@Where the pericalicular continuation of the gastro-cadlomic cavity has hecome broken up into irregular canals,
as in Muadrepora, the amount of distension is small; but even in thix genus a marked difference ix seen in the ¢eno-
eare, according as the canais are fully charged or nearty empty.

b Verrill 11863, p. 38), from an examination of alcoholie specimens of Meandrina, Manicina, and Foria, came to
the conclu-ion that the polypal disk does not rise even level with the summit of the corallum. Also naturalists
famitiar with the Bahama and Bermuda corals have informed me that they have never seen many of the fissiparous
species (e, g., Tsoplyllia) in an expanded state.

=
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distanee above the corallum. while the tentacles are erect or ovevhanging. The eolonies remain
in this state neavly all night. nnattected by uny artificial light employved in observing theni: even
when the strong light from a eondensing lens rests upon a polyp for some time there is no
response.  In the morning the polyps are again found retracted.

If injured too much in the proeess of collecting, as when a portion of a colony is with diffi-
culty broken off a lavge muss, the polyps of most covals are unable to recover sufficiently to
expand at night.  The best speeimens for laboratory study are the colonies found lying free on
the sea floor, for these can he removed without much disturbance to the living aninuals.

On the veefs, Meandrine, Colpoplyllia, and Orbicdlla are tound partly expanded during
the duwy. only the tips of the tentacles and part of the disk being visible; Mwieina will some-
tunes protrude its tentacles, but Isophyllic rarely so.  On the other hand, Modrepora and Porites
are uswally fully expanded: colonies of hoth speeies are often met with /# s/72 on which. by
nieans of a water glass, all the polyps are seen protruding to their full extent.

The corals found in very shallow water in Kingston Harbor are mostly retracted during the
day: but if collected with eare. and placed in shallow glass vessels exposed to the tull rays of the
sun, sueh speeies as Manicinaarcolata, Dorites furcatua. Siderastraea radions, Cladocora arbuscula,
and  Oculina dipfusa will expand fully.  Further, when in the lahoratory these speeies have
heen kept shaded from the sun during the early part of the morning and are then brought into
its dirvect rays, they soon begin to expuand. and remain so for some time.  Also, on bringing corals
whieh during the whole day have heen kept in a cool. shaded place into the rays of the setting
sun they nearly always vespond to the ehange and expand tully. It may be that in such experi-
ments it is not the strong licht hut rather the slight inercase of temperature of the water which
exercizes some stimulating inftuence on the polyps.

The general experience is that it colonies are placed in shaded spots during the day the
polyps respond to the change, and expand to a greater or less degree. but if exposed to full
light they renmin retracted.

Much differenee is experienced in the readiness with which various eoral species expand.
In the laboratory Ageric/n seems to open less freely than othevs; (ladocora and Oculinu ave
among the readiest to open out. In some instances the polyps of the latter remained fully
distended for two or three days together without ever retracting.

It may, therefore, be taken as a general rule that coral polyps expand to their full degree
during the night, but that under artificial conditions they may respond to an inerease of licht and
temperature.  The whole question of their response to external conditions is full of interest, but
can he solved only by u long series of observations and experiments.

That night expansion is not restricted to tropical corvals may he gathered from the ohserva-
tions of Gosse (1360, p. 312) on Curyoplyllic Suitlii. This British speeies was also found to
expand most freely at mght.

Many sea ancmones exhibit the saine phenomena as eoral polyps. though not to the same
degree.  Colonies of the Zoanthid Zu/ytloa ave found in plenty on the reefs; during the day the
polyps ave mostly in the retraeted state, and in the laboratory night is always found to he the most
suitable time for examining thent in the fully distended condition.

In the conrse of his exaniation of the coral reefs of Funafuti, Rotuma. and Fiji. Mr. Stan-
ley Gardiner (1898) found much the same results as regards the time of expansion of coral
polypss Luplyllia, Symphyllic, and Mussa were the only eorals observed by Gardiner to he tully
expanded in the daytime. e further states. as is also the case in West Indian waters, that only
durving the night is the tow net able to colleet in any quantity the minute larvie, eges, and
other small organisins which probably constitute the food of coral polyps.  During the day sueh
pelagic forms evidently sink to the deeper waters, reappearing nearer the surface at night, and
becoming most abundant in the carly morning.

[t may be that night expansion and day retraction of the coral polyps are in some way con-
nected with this distribution of theiv food, and it is not unlikely that the phenomenon may he
associated with the strong local sea breezes which usually disturh tropical waters doring the day,
and produee a eloudiness some distance around the shores. At night and early morning, the
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breezes having subsided, the waters are quicter and more favorable to the activities of delicate
sessile animals.

Perhaps the activity of the unicellular commensal algae, present in sueh great numbers in the
endodermal tissue of nearly all species, may be assoctated with the changes.  But fully expanded,
more transparent tissues in the daytine, would manifestty be most tavorable for the functional
aetivity of their ehloroplasts.

TENTACLES.

The tentacles of Madreporarian polyps exhibit a cevtain diversity of form and arrangement,
though not to the same degree ax the corresponding organs in the Actiniaria.  They are mostly
disposed around the margin of the oral disk, in two or more entacmmous, alternating eyeles,  In
Madrepora and Porites. however. they appear to constitute only a single evele. - In living polyps
the tentuaeles can usually be seen to correspond in position with the internal mesenterial chambers
of which they are the external prolongations. and further to conform in position, and, as a rule,
in number, with the internal skeletal septa.  In nearly all cases they correspond exactly with the
number of internal mesenterial chambers, both entocelie and exocelic. Tentacles arising from
the entoceelic mesenterial chambers may he known as entotentacles. and those from exoecelic
ehambers as crotentacles. Where present the latter always constitute the outermost eyele, and
all the inner cyeles consist of entotentacles.  In Niderastrea the exotentaeles differ in form from
the entoewlic members (Pl XXTIL fig. 151), while in .lgaric/a. and the fully developed apical
polyps of Mudrepora. exoewelic tentacles are wanting.  Gardiner (1900, p. 365) also found the
tentacles to be entocwelic only in Cenopsania.

In all coral polyps =0 far described only one tentacle arvises from each mesenterial chamber.
The number of tentacles therefore represents the aetual number of mesenteries present, and. in
general. the number of septa also.  Nomne of the speeies examined zhows the stichodactylinous
condition =0 prevalent among tropical Aetinize. ¢

During extension the tentacles are usually elongated. broad below and narrow above, the
walls thin and somewhat transpavent.  Most of the speeies studied are charaeterized by a
white, opaque, knob-like apex. more or less distinet, and constituting a battery of nematocysts.
The tentacular stems of coral polyps are ravely smooth throughout, but exhibit round, oval,
or irregular opague thiekened patches, which, like the apical knob, are aggregations of
nematoblasts.  These are elevated a little from the general surface, but ravely show any spiral
or other regular disposition.  Such restrietions of the tentacular nematoblasts arve very excep-
tional «mong Actinians, and in this group the knobbed condition is also unusual (Corynactis,
Cﬂ'/’((]]/'//mlj'//l I[S).

With the exception of Siderastraa radians and N. siderea the tentaeles of all the speeies here
deseribed are simple, while in the genus mentioned the entotentacles hecome bifurcated toward
their free extremity. but the exotentacles remain simple.

In the living polyp the tentacles assuime varied posxitions.  Duving retraction they are
usually withdrawn within the calice. and completely hidden by the overfolding eolumn wall; but
in some genera. Niderastraea and _Agarie/a. they remain exposed under all conditions of retraetion
or expansion ot the polyps.  In /% /tes and other forms the tentacles may oceasionally remain
exposed on retraction of the polyps, though more usnally hidden under the retracted column wall.
Upon expansion of the polyp the organs stand erect or overhang. even to sueh an extent as to
nearly hide the eolun wall: and on the same polyp different cveles may sometines assume
different attitudes, as where the inner eycle is evect and the outer overhangs. The tentacles of
corals rarely display mueh independent motion when fully extended, compared with the activity
exhibited by the long tentacles of anemones. The tentaeles of (adocora and Siderastreea,
and probably others, possess econsiderable adhesive power. more especially at the apex: the
distal part of the steni may also fold vound any small object.  When small annelids are piaced

@ The term is applied to polyps (e. g., Corynactis, Discosoma) in which the tentacles are arranged in radial rows,
s0 that more than one tentacle communicates with a single mesenterial chamber. The character serves to distinguish
the tribe Stickodactyline from other Actiniaria in w hich only one tentacle communicates with a mesenterial interspace.
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upon living colonies of Niderastrwea the tentacles of the expanded polyps at once close upon them
and prevent their eseape.

The detailed arrangement of the tentacles presents many differenees in the various species
studied. As seen externally, the twelve tentacles of Wadrepora and Porites (Pls. 1 and 1V) admit
of no proper distinction into an inner and an outer series, thongh varying somewhat in size, and
may therefore be described as acyclic or wonocyelic: the apical polyps of the former genus
hear only a stmple evele of six equal tentacles.  Although forming only one eyele. the twelve
tentacles in both genera vepresent two orders. constituted of six entotentacles and six alternating
exotentaeles,  The tentacles of such geneva as bicdlla, Solenastreea, Oculina, Cladocora, and
Astrangia, whose asexual method of reproduction is by gemmation. usually exhibit a regular
hexameral multicyelic arrangement, with the formula 6. 6. 12, 24, ete.  Very often the first and
sccond orders are arranged =0 as to forur only one inner cyele of twelve members, with which
the twelve members of the second cyele alternate; the third cyele of twenty-four alternates
with both these. and <o on. according to the number of ¢ycles developed.  Where only twenty-
four tentaeles are present they nsually appear as an inner and an outer cycle.

Very often the hexameral sequence of the tentacles is not complete, espeecially in (Zadocora
and  Astrangio. The total number of temtacles in mature polyps of  Cludocora arbisenlu
qaries from thirty-two to thirty-six. whercas the complete hexameral plan would require forty-
eight as the next number after twenty-four has heen reached.  In deseribing below the
development of the later tentacles of polyps. it is found that the organs do not arise a complete
cycle at a time. but in simple or double pairs on each side of the median axis. and in many
species a tentacular eycele once commenced is not always completed hefore the polyp attains its
full size and growth ceases.  In such a ease it is clear that any intermediate number of tentacles
between the commencement of a cyele and its completion may be present.

Whenever an entoceelic tentacle appears, a corresponding exocwelic member usually arises,
either simultancously or shortly after. so that the number of exotentuacles comprising the outer
cycle is always equal to the sum of the entotentacles of all the inner cycles.  Hewnee in endeav-
oring to establish the eyelic scheme of any hexameral polyp. in whieh the number of tentactes
may be intermediate between twenty-four and fortv-eight. or forty-eight and ninety-six,
incompletion must he looked for in the two outermost c¢yeles. not in the outermost only. A
polyp of Cladocora with thirty-two tentacles bears the eyvelic formula 6. 6. 4, 162 one with thirty-
six tentacles the formula 6, 6, 6, 15 with forty tentacles 6, 6. 8, 20, wherve the numbers 16, 18,
and 20 represent the exotentacles.  The exocalic ¢yvele thus inereases by the same amount as
the outermost entocelic evele.  The order of appearanee of the tentuaeles demonstrates that it is
impossible to establish hexameval completion forall the eyeles until the outermost is reached, and
then relegate any omissions to this, as is uwsually attempted.  Any omission due to hexameral
incompletion affects hoth the exoceelic and the last entoccelic cyeles.

The members of any tentacular ceyele are nearly always alike in size. hut the tentacles
usually show a diminution in length in passing from the inner to the outer scries. a condition
expressed by the tevm entacmweous.  The organs in Wedrepora and Porddes are exceptional in
that they vary in size in a very definite munnerv in the same evele, while rbicdlla padiata offers
a marked exception to the entaemwzous order.  The polyps of this species do not readily expand
their tentacles. and hence are not always favorable for observation.  When fully extended the
different tentaculur eyeles are found to he widely apart, and the twelve members eomprising the
first cyele are much smaller than those of the next, and even less than the tentaeles of the
outermost cvele.  The tentaenlar plan of a polyp of (2. radiuta, with three hexamerous cyveles, is
represented on the next page.

Usually the different eyceles whicli constitute the crown of tentacles are closely arranged in
a narvow marginal zone, so that basally the mewbers of one cyele partly embraee those of the
next. (. pediata, just mentioned, is again exceeptional in that a wide diseal interspace sepmates
one cycle from the next, the tentacular crown heing unusually broad. encroaching upon the
peristome.  The sume feature ix also characteristic of the polyps of Siderustran and dgaricia;
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the eveles are widely apart, and each individual tentacle is distant from the others.  In these two
cenera the tentaculiferons area comprises nearly the whole of the exposed polypal surface (p. 427).

In polyps whose asexual method of reproduction is by fission, the hexameral plan, chinneter-
istic of knwval polyps. and of adnlt polyps whose reproduction is by gemmation, is lost after
fixsion ix established. wud even the eyelie arrangement becomes obsceure.  In Fuvial Isoplyllio.
and Wanieing individaal tentacles belonging to several eyveles can be made out. but not with any
vegularity all ronnd.  The tentaeles in the young polyps are found to be arranged hexamerously,
but this ix altogetlier lost on matuve coloniex.  Where tission ix never or rarely completed, as in
Meeandrina and Pretiniu, the tentactes ave arranged in meandering systems, and only two rows
are developed, an inner entoceelic series and an outer alternating exocwlic series.

Biis D 1

Fra. 1.

Tentacular plan of a polyp of Orbicella radiata. The Roman numerals indicate the orders of mesenteries; D, the directives. The innermost
cxcle of tentacles comprises twelve members, which are the smallest of the series, They arise irom the entoeweles of the first and
second orders of mesenteries, which constitute the first (eyele of twelve pairs of complete mesenteries, The second, middle eyele
consists of twelve alternating tentacles. which are the largest represented.  They are outgrowths of the entocaeles of the third order of
mesenteries, which form the actual second mesenterial cyele.  The third or outermost eyele is formed of twenty-fonr tentacles, which
alternate with the members of the two previous cyeles, and arise from exocelic chambers.  The species is exceptional in that the
members of the innermost eycle are the smallest of the series, and also in the wide distanee apart of the eycles,

When the polyps retract. the tentacles do the same, and become greatly shortened.  Inaddition.
many species of corals exhibit the enrious phenomenon of complete mtroversion of the tentacles.
even during full expansion of the polyps. as well ax on retraction.  Both phases are clearly
iHustrated in the tentacles of Josites (figs. 30, 33, 40). At times the polyps in this genus will be
expanded to their full deeree, withont uny display of tentacles: twelve small. more opaqgue.
circular arveas, sometintes showing a central aperture. e all the external indications of their
preseunce, while the loeal incereased opacity indicates that they have become invaginated within
the cwelenteric cavity., At other times one or more individua) tentacles of a polyp may be
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protruded, while the vest are inturned.  The process of introversion and subsequent extension
has been actually observed on the expanded polyp. The movements of the tentacular walls,
inwardly or ontwardly. take place so slowly that they can he readily followed. the process some-
what resembling that seen when a g¢love finger is indrawn and afterwards pushed out. The
alternations may be continued for some time.  Likewise on retraction of the polyps the tentacles
of Lorites are, as a rule, introverted, instead of remaining merely exposed or covered by the
column wall; and on preserved colonies very small apertures can be detected with a lens at
the place of introversion.  In longitudinal sections through such polyps the apical knob of the
tentacle s deepest within the gastro-ceelomic cavity. and is directed outwardly. while with regard
to the walls themselves, the ectoderm is internal aud the endoderm external, a veversal of the
ordinary condition. These conditionsare clearly shown in fig. 40, vepresenting a vertical section
through a polyp of Lurites astraeovides.  No overfolding of the columm wall has taken place on
retraction, so that the tentacles comumunicate divectly with the surface of the colony. Three
introverted tentacles (7) are present; the one to the left ix divided radially, so that the section
inchudes its aperture of commmnication with the exterior. while the two to the right are tangential
sections, and therefore do not display the external opening.  Again, in fig. 30, representing a
transverse section through the stomodieal region of the same speeies, seven introverted tentacles
are seen in seetion, almost coupletely occupying the mesenterial chambers, and exhibiting
a veversal of the ordinary relations of ectoderm and endodevmn.  In other polyps sectionized a
variable muuber of introverted tentacles has heen met with. The apex of the introverted
tentacle may extend as far inwardly as below the mner termination of the stomodicum. so that
accompanying the introversion very little diminution in the length of the stem has taken place.

Among the living expanded polyps of Madrepora also complete tentacular introversion is
often observed, in both apical and radial polyps.  In the former six slight opacities around the
margin of the transparent disk remain to indicate the tentacular area: later. the tentacles may be
observed to protrude. either all together or successively.

During the retracted condition of the tissiparous genera Luria, Municina, Meandrina, and
[sophyllin it is sometinres inmpossible to discover any tentacles externally.  When sections are
made, however, the organs are found to be introverted. occupying both the entoceelic and
exoceelic mesenterial spaces.

In addition to actual introversion, in which all parts of the tentacles ave still determinable,
a condition 1= often presented in which the stem wholly disappears, beeoming a part. as it were,
of the discal wall.

Retracted tentacles of Niderastrava and Agoricia, for example. are usually represented by only
a slight tubercular elevation of the disk, which is the knob or swollen apex, while the stens have
wholly disappeared in the disk (Pl. NXIIL figs. 154, 155, and PL. XX1V, fig. 163).  In micro-
scopic sections the former are displayed as mere ectodermal thickenings. charged with nemato-
cyvsts, and no diflerentiated can be found whereby the tentacular stem can be distinguished from
the discal wall.

Among the fully expanded polyps of  Orbicclle wacdaris the two cyeles of short tentacles
often wholly disappear.  Heve, again, it appears as if the tentacular tissues were not tutroverted.
but rather have becowe involved in the greatly expanded margin of the disk; slightly raised.
triangulu areas, representing the apical swellings, are all that can be observed of the orgaus.
On full extension of the adult polyps of Municina areolata the tentacles likewise wmay be
wholly wanting. their walls having become part of the expanded disk.  Thicker, more opaque
dizcal spots, which ave the only ¢vidence of thetr former presence, represent the nematocyst-
bearing capitulum.  In the young polyp of Junicina displayed in section on PLONIX| fig. 137,
the tentacle appeavs only as a thickened. newmatocyst-hearing area of the polypal wall.  Occa-
stonally in Lordtes astraovides tentacular disappearance, as contrasted with tentacular introversion,
may he also observed.

Of previous observers, Fowlev (1888, p. 11) has described and figured the introversion of
the tentacles in Seriatopora subulata.  Von Heider (1836, p. 158) has described in . lstroides
calyenlaris the opposite condition, in whieh the intertentaculav portions of the disk have been
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drawn within the mesenterial chambers of the polyp. while the tentacles remain directed
normally ontward.  The introverted disk in von Heider's figures presents in transverse and
longitwlinal ceetions mueh the same appearance as the introv erted tentacles of /rites in fig=. B0
and 40, that ix, the ectoderm ix internal and the endoderm external.  In many instances of
strongly retineted polyps the tentacles are found greatly depressed or introv erted s integral
parts of the disk.  Discal infolding is noticed more fully on p. 434

From all these examples it is manifest that the pllonnlnvnml of tentacular introversion in
both expanded and retracted polyps. and of disappearance in the diseal wall of fully expanded
polyps. are very general among corals.  They 1)1()1).11)]\ serve to explain the statements of some
of the older observers that tentacles ave wanting in certain species of corals.

(. von Koch (1590, p. 309) has found in the contracted polyps of the Aleyvonarian, R/izorenia
rosea, that, in addition to the infolding of the disk and upper part of the column. the tentacles
undergo invagination, but only for about half their length; the proximal half still preserves the
normal relationship of outer ectoderm and inner endoderm. This ix undonbtedly similar to the
process deseribed above. only the introversion is not continued to the extreme limit. as in Fopdtes.
In the living expanded polyps of the coral clstrodides calyenlaris, von Koch has also observed that
the terminal part of a tentacle i~ often drawn inwardly toward the basal part. and again pushed
out. the movements somewhat resembling the drawing in and pushing out of a telescope tube.
and continuing for sonie time.

An explanation of tentacular introversion does not seem readily forthcoming, for bevond
the usual cetodermal longitudinal and endodermal ecireular fibers no speeial musculature is dis-
coverable whereby the movements may be produced; turther, a decided individuality is exhibited
by the various members comprised in the cyeles.  One may surmise as a cause a differenee in
the hydrostatic pressure between the internal cavity and the exterior, owing to variations in the
circulation of the nutrient thud within the colony.  Bat thisx would not account for the faet that
the polyp itself may remain fully expanded, and only certain of the tentaeles be invaginated.
while the others remain extraded.

The dizappearance of the tentacular walls in the discal tissues seems more easy of explana-
tion. Structurally the tentacles in the \l'ldropm'-u'iu are rarely the important diflerentiated
diseal outgrowths which they have become in most Actiniaria, and when the polyps attain their
full expansion it can readily be understood how the tentaenlar walls may bhecome involved in the
discal expansion. and lose the distinetness of their walls, the thick apex only remaming to indi-
cate their former presence.  The tentacles are originally outgrowths of the disk, and can again
become part of it, the thiekened apical knob remaining as the only evidence of a special difleren-
tiation.

1listolugy. —Histologically the wallx of the tentacles present few characteristics which do not
oceur in the column wall or disk. Such peculiar features as they display have refevence to
their function as stinging organs.  Transverse or longitudinal sections of most species exhibit
marked inequalities in the thickness of the ectoderm, the broader regions representing speeial
nematoeyst areas.  The thickenings correspond with the more opaque areas on the tentacular
wallt in the living condition. aud ave best zeen in sections made from tentacles in the expanded
condition, ux in the retracted cxamplex the wider nematoeyst regions tend to overlap the inter-
vening narrow areas (PL VI hg. 50: Pl XU fig. 75).  The largest battery of stinging cells is
at the apex. and here the outermost zone is constituted almost wholly of nematoblasts. DBy
foenssing with a high power around the free edge of a nematocyst area. triangnlar or thread-like
enidoeils can usually be diseerned. especially in the hiving tentacle, and cilia may he present over
the whole tentacular surface (PL I1. fig. 10).

The nematoeysts in the tentacles are mainly of the long. narrow, thin-walled form. with the
spiral thread (]n\(‘]\' coiled (Pl. XVTII. fig. 1244).  Other thin-walled forms-—small and oval. or
large and oval with a loose spiral thread— may occasionally oceur. bnt are never so ¢haracteristic
as the former. In the deeper parts of the ectodermal layer, brightly staining. apparently homo-
aeneons hodies ave generally seen. which represent nematocysts in vi irious stages of development.
At first they are irregularly arranged at ahmost every angle with the surface. but as they reach
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maturity they migrate to the periphery, and arrange themselves in a vertical direction. pavallel
with the other cellular constituents.

A weak longitudinal ectodermal musculature seems to be always present. the cut ends of
the fibrils being dizplayed in transverse sections, and most pronounced toward the proximal
extremity. In some species—e. ¢.. (ludvcora, Muadrepora. and probably others—a distinet
nerve layer also occurs. zituated some distance from the mesogleen (PL11L fig. 10 7.).  The
cctodermal gland cells and supporting cells are practically the same as in the columm wall,
but the former are less nnmerous.

The tentacular mesogleea 15 always a very thin layer. usually smooth on hoth surfaces. while
the endoderm is comparatively broad with irregular internal hmitations.  The endoderm is
cenerally richly supplied with zooxanthellwe, but the algae ave absent from /yllungic. Astrangia,
and certain of the tentacles of Moadrepora.  Tn all instanees a weal circular musculature s
developed. but the mesogleea is rarely folded to aflord it additional support. as in the larger
tentacles of Actintans.  The lumen is preserved, even in tully retracted tentacles.

The tentacles of several genera present so many pectdiarities of form and arrangenient as to
call for special description.

TENTACLER OF MADREPORA AND PORITES.

The tentacles of the polyps of Madrpora and [Porites arve exceptional among the genera
stndied in that they are. with certain exceptions, only six or twelve in number. and in the
adult uwsually exhibit constant variations in <ize. The tentacles of the apical polyps of
Jldreporawill be fivst deseribed (tig. 1. v 4).  In the most typical instances only six tentacles
oceur, all equal in size. and connnunicating with the entocwlic chamboars.  They arve widest at
their origin in the margin of the disk, where a constderable interval separates one from another,
and terminate either acutely or in a romnded manner.  The surface is smooth throughout. no
urticating spots being visible.

Polyps with such a tentacular systent are found at the apex of the long established branches of
coloniex of bhoth the palmate and arborescent types of growth.  On polyps at the ends of short,
rapidly growing branches, rudiments of other tentacles also occur. alternating with the members
of the first order.  In regions of vigorous growtll. as at the margin of palmate colonies. it is
found that certain of the ordinary polyps. hearing the full complement of twelve tentacles, may
hecome larger and assunie an apical character, and among these the separation of the tentacles
into an inner and an outer cyvele can be rvecognized.  Sometimes. only two or four of the six
members of the outer eyele will be present. always nwch smallev than the entotentacles,  All
stuges in the diminution in number and size of the outer exoceelie tentacles are, however,
represented. according ax the polyp has recently assumed or long maintained the apical positions
at the same time, the six members of the inner eyvele become larger and more equal.

From all the variations ohserved. it ix clear that on any poly taking on the axial condition
the xix exoceelic tentacles, present on all the radial polyps and smaller from the beginning. tend
to completely disappear. and only the six entoceelic members ultimately remain, becowning at the
samre tinte larger and equal.  Like the other regions of the axial polyp. the tentacles ave perfectly
colorles<, owing to the absence of zooxanthellre, and are not often seen fully expanded.

Among the fully developed vadial polyps of Judr pora twelve tentacles oceur: rarely. the
number may be inereased to sixteen. eighteen. ov as many as twenty-four.  The usual forms and
arrangenient are given on PL 1 fig. 1 (.—.).  The sepuration, us regards distance from the center
of disk, into two alternating eveles of six euch. is vot clearly defined, but the members of oue
series are alwavs larger than those of the other.  The anterior or abaxial tentacle, adjacent to
the nartform apex of the corallite, is longer and stouter than any of the others, and colorless,
except toward its origin. It may be nearly twice as long as the others, and stands out very
prominently: even in partly retracted polyps, when the fentacles are arranged vertieally. it
easily overtops the rest (). The opposite or axial tentacle—that is, the one adjacent to the stem —
ix the next in size. but differs very little, sometimes not at all. from the four large lateral
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tentacles,  These four. two on each side of the median plane, are approximately equal.  Later,
in describing the relationships of the mesenteries of Madrepora, it will be seen that the large
anterior abuxial tentacle is dorsal or suleular in position. while the opposite axial tentacle is
vential or sulear as regards the polyp as a whole (p. 444).

Of the smaller alternating series of six tentacles the abaxial laterals (one on each side of the
Iarge abaxial tentacle) are always the smallest. and are generally colorless throughout. The
middle laterals come next in size, and the axial laterals may be a little smaller than these. The
diflerence in size between the middle and axial laterals is. however, often searcely perceptible;
but the fonr are alwayvs larger than the two abaxial laterals. and are more deeply colored.  In
polyps near the apex of growing branches all the tentacles may be colortess.

As far as can be made out in the living state. the tentacles of the very minute. intercalary
polyps are uniform in xize. and in regions where the corallites possess a cireular. free edge
the teutacles tend to become more uniform in size. The large abaxial tentacle is always best
developed in polyps where the corallite hax the most marked nariform projection, as in I/
cereicornis: undoubtedly, there is a relationship between the form of the mouth of the corallite
and the amount of inequality among the tentacles.

In L. Agassiz’s Report on the Florida Reefs (Pl XVII1) an outline figure of an expanded
terminal polyp of Jddre pora cervicorn/s is given. in which six large equal tentacles alternate with
six much smaller tentacles, likewise equal.  Such a stage is oceasionally niet with on young
branches, but is to be regarded as transitional to the stage in older hranches with only six equal
teutacles.  On the same plate are also ontline figures of expanded lateral polyps from near the
tip of a branch: as there 1epresented the abaxial aspect is uppermost,

Prof. A. E. Verrill (1869) was the tirst to draw attention to this variation in the external
characters of the axial and radial polyps of Meudrepora, and regarded it as the only instance of
dimorphizin among the Madreporaria.  The apical polyps are seen. however. to be derived by
modification of the radial. and. as will be shown later, the internal anatomy ot the apical and
radial polyps presents no differences corresponding with those of the tentacles, <o that the
dimorphizm ix not very deep seated.

The tentacles in all the West Indian species of [orifes are, like those of Mud repora. nsually
twelve in number. Developing polyps exhibit a less number, and others occasionally occur in
which the nmmber may be fourteen. sixteen. or as many as twenty-four. On the colonies no
distinction is to be made between apical and radial polyps. The tentacles of all the polyps
are extremely ~mall. smooth-walled. and digitiforni, rarely exceeding 1 or 2 mm. in length.
Viewed with a lens, in their fully expanded condition. or even when introverted, they appear to
constitite but one cvele. and very often ditferences in »ize ave recognizable of the same character
as in Iodrepora (PLOIV, tig. 32). The two tentacles in the longer oral axis are somewhat
Iareer than the others. and one of these, corresponding with the abaxial in Mady pora, is
~omewhat loncer than the other: the tentacles situated one on each side of the largest are likewise
the smallest of the twelve.  Both 7% e/uraric and [ frurcata exhibit this bilateral arrangement,
but in such minute polyps the ditferences are not so decided as on the larger polyps of Wudrepora,
and are not obvious on all the polyps of a colony. 1u /% astreeoides the twelve tentacles ure
usually equal in size.

it i~ shown later (p. 431), that this regular variation in the size of the tentacles of Judr pora
and /s 15 to be explained as the retention in the adult of a well-known larval stage puassed
throuwh in the development of the tentacles of certain Actiniaria. and is also assoctated with a
primitive condition of the internal mesenteries.

TENTACLER 0OF SIDERASTR.UEN AND AGARICTA.

The tentacles on the polyps of the wenns Nderastrion ave o small as to be scarvcely distin-
guishable with the naked eye. especially when retracted: but by careful examination with a lens
their disposition and character can he made out.  Observations have been made upon the organs
in both N, yodians and S, s/derea. Instead of being closely arranged in a narrow peripheral
zone, a~ in most corals and anemones. the individual tentacles are widely separated from one
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another, and occupy nearly the whole of the exposed polypal area (Pl XXII1. fig. 150). In the
living condition each appears to arise either directly over or near the centripetal termination of
the septum witlt which it corresponds.  The cyclical arrangement is diflicult to establish. and in
many instances this would be impossible without the assistance from the septa which can be seen
helow through the soft tissues.

On full expansion the inner tentacles are found to consist of a short eylindrieal stem, which
biturcates a little heyvond midway, each half bearing a spheroidal enlargement at the apex; the
outermost tentacles, however, are simple. consisting of a short stalk, terminated by a knob-like
swelling (Pl XXT1. fig. 151).  Thus in Siderastraa theve is a true dimorphic eondition of the
tentacles, apparently the only instanee of such among the Madreporaria. if we exeept the
differences between the radial and axial polyps of Madrepora.  1n the course of the development
of the young polyps (p. 533) it has been ascertained that the inner tentacles are at first simple. then
afterwards another moiety arises over the same mesenterial chamber, and finally a common stem
is produced. which bears the two halves at its extremity and raises them above the disk.
Ontogenetically, therefore, the bifurcations represent distinet and separate tormations. and only
later constitute an entire tentaele.

Subsequent examination of sections confirms what would he expected from the external
relationships. namely. that the bifureated inner tentacles are all entoecelic in position, while the
simple outermost tentacles communicate with the exocceles.  In the nearly mature polyps of a
colony. however, some of the entoewlic tentacles may be simple, but such are merely exumnples
in process of development.  The exoceelic members are never double.

On retraction of the polyps the disk and tentacles remain uncovered. the column wall in
Siderastreea being incapable of overfolding, The tentacles are now represented by minute,
simple and double tubercular enlavgements. scattered over the greater part of the polypal wall.
Microscopic sections reveal that the stems are no longer determinable as such. having become
involved in the discal tissues, while the kuobs remain as mere ectodernial thickenings (1 XX
figs. 154, 155). The apex of the exoceelic tentacles oecurs as a =imple swelling of the disk,
dirvectly overlying its corvesponding septum. while the two knobs of the entoceelic tentacles are
disposed one on each side of an entoceelic zeptal ridge. the two halves connected by a tissue
similar to that of the disk, which manifestly represents the stem of the expanded tentacle.
The ectoderm of the knobs inchudes a peripheral layer of long narrow nematoevsts. and is thus
easily distinguished from the vest of the disk.

Both N, raddians and S s/derea ave further charaeterized by the tentacles being apparently
arranged in only approximate cycles, and by the oeenrrence of a comparatively wide interspace
between one cyele and another.  The itmperfeet eyclic dizposition results from the presence
of tentacles intermediate in position between the true cycles, and on the actual polyp it ix
often very puzzling. if not impossible. to say to which e¢yvele some of the tentacles shonld be
relegated.  Polyps are found with from five to seven or eight tentacles. which, so far as their
position is concerned, must be vegarded as belonging to an imnner cycle. and the remaining

members seem to come in irvespeetive of any cvelie plan.  In mature polyps of both species
three more or less complete alternating cyeles of tentacles are actually present. in addition to
the outer single-knobbed c¢yele.  The members of the latter being situated near the polygonal
periphery of the polyp are rarely included within a circle.

When studied in conjunetion with the underlying septa an approximate tentacular regularity
can be established. as in fig. 150, The innermost cycle comprises six double-knobhed tentacles.
separated by a wide interspace from the members of the sccond and third cycles, amd these latter
eveles are separated from the outermost ceyele of single-knobhed tentacles. It is manifest
from the figure that the tentacles correspond with the septa, and not all the twelve members
necessary to complete the third cyvele oceur. S zadinns appears to never complete its third
cvele of mesenteries, tentactes, and septa, while in N, sideren it is occasionally reached or even
exceeded.  In fig. 150 only one member is wanting to complete the third eyele of entotentacles.

The apparent irregnlar disposition of the tentacles in this genus hecomes explieable on a
knowledge of the development of the mesenteries and their corresponding septa. or rather the
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two illustrate the same tact.  In both species studied six pairs of perfect mesenteries form the
first eyveles six alternating pairs make up a second evele. and there may he twelve pairs forming
a third eyvele. A just mentioned, however, this last evele is rarely completed.  Further, an
examination of the macerated skeleton shows that in very few instances is the full complement of
septag vize, 6, 60 120 24, present. . Usnally in S0 padions only a few pairs of the third-eyele
mesenteries oceur, the mumber vavying with the size of the polyp. while in the larger N, siderea
nearly all the pairs ave present, and even some members of a fourth evele,

Thix incomplete eyelic development in the case of the mesenteries is repeated in the last evele
of entoceelic tentacles. and, the organs being widely apart. the imperfection of the eyele becomes
more pronounced externally.  With few exceptions the hexameral plan can he traced only as far
as the first and second eyeles. The third eyele may comprise any nunber of members trom one
to twelve, while the outermost evele of simple tentacles contains the sum of the members of all
the three inner eyeles. Further. there is a tendency in most species of corals for the two inner
eyeles to constitute hut one eyele of twelve. in the same way that as the polyps inerease in size
the mesenteries of the second eyvele tend to unite with the stomodaenm, and the first two orders
of septa form only one eyele.

A considerable diseal space intervening between the different tentacnlar eyeles in Siderast reea,
as compared with most other corals, it iz clear that the two conditions alluded to above tind their
outward expression in individual tentacles occurring at vavving distances from the center of the
disk, and thus giving rise to the characteristic irregularity.  In a fully developed. long-estab-
lished polyp. the eyeles are more vegnlur than ina young individual.  Moreover, were the eveles
of tentacles in other coval species to be sepavated by such comparatively wide discal nterspaces,
instead of heing arranged closely in & narrow zone. similar eyclic irregularities would be more
generally noticed.

The arrangement of the tentacles in Agaricia very closely resembles that characteristie of
the genus Niderastraa, but the organs ave never bifurcated. and are not distinetly statked.  They
renin exposed during the retracted condition of the polyp. and during ordinary retraction
can usnally be seen as mere pointed or triangular tubeveles. but when expanded they become
more digitiform. with an opagque white area at the apex. They are often brightly colored
by comparison with the rest of the polypal wall.  In several colonies of the form I identify
as Agaricio fragilis, T was unable to determine the presence of any tentacles in the living
condition. even with the aid of a lens. In sections through the disk they are. however,
recognizable as slight, nematocyst-bearing thickenings of the ectoderm (Pl. XXIV, fig. 163).
The organs are hetter developed in _lgaricia aguaricites.

As in Siderastraa. the individual tentacles are widely separated from one another, and are
distributed over nearly the whole discal area, one above the apparent centripetal tevmination of
each of the larger septa.  No tentacles oceur over the members of the smallest eyele of septa.
which transverse =ections demonstrate as exoceelic.  In this absence of exocwlic tentacles the
genus _1g¥ricio s unique among the forms here studied. with the exception of the axial polyps
of J[/(///':]lw'(l.

The majority of the tentacles are arranged =0 as to form an ipner evele. but the numhber
coniposing it is variable. and the c¢yelie chavacter is only approximate.  Outside there are a few
scattered examples at difterent distances from the center, suggesting no cyvele relationship.
The number in the inner eycle varies from five to nine, while the total number in any polyp may
be from thirteen to twenty-four.

Iu _lyaricia mesenterial inerease appears to be in constant progress. corresponding with the
erowth of the individual polyp. though in no regular cyelic manner.  Similarly with the
tentacles: the inner eyele ineludes all the older tentaeles. and outside this ave the later-formed
members which appear irregularly.  Probably it is best to regard the teutacles as aeyelic, no
exotentacles heing developed.  Counting the tentacles of many polyps gives odd numbers as
often ax even. while in the case of species with exoceelic tentacles even numbers predominate.
The tevegularity in the disposition of the tentacles in dgaricia should be compared with the
nrvegular arrangement of the mesenteries represented on Pl XXV tig. 161.

Vail, 8=\, ——3
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(v. C. Bourne (1s87). in his paper: *Fhe unatomy of the Madreporarian coral Fungia.™
refers to the disposition of the tentacles in that genus.  His figure of Fuugde (Pl XXTI) shows
a wide interspace between the different cyeles of tentacles, as is found to be the case in the nueh
smaller polyps of Siderastraa and lyaricie.  Evidently, the character may be taken as of sonie
dingnostic importance within the Section Fungacea.  Bourne castx suspicion upon the accuraey ot
Dana’s deseription and  figures of  Fungia (Zoophytes. Wilkes  Exploring Expedition, and
Corals and the Coral Islands)., which represent an irreeular distribution of the tentacles at
intervals over the whole of the large disk, as does also the figcure of Quoy and Gaimard i
Voyage de la covvette T'Astrolabe.  The results from Nideyastroa and L Agaricia. detailed
above, prove that an irregular appearance in the disposition of the tentacles is by no means

uncommon in the Fuangacea.  The regular eyvelic disposition. when really present, ean often be
established only after a long acquaintance with the forms, and under favorable conditions of
expansion or retraction.

The figures of the fully expanded polyps of Niderastywa, accompanying Agassiz’~s Florida
Reefs (18s0, PLXV., figs. 6. 7), indicate an irregular tentacular wrrangement in hoth eases,
and such would probably he assumed by any observer on a casual acquaintance with the polyps.
The appearances given the tentacles in Agassiz's figures were rarely met with in Jamaican
specimens, but the dintorphism is clearly shown on some of the members, and is referrved to by
Pourtaleés in ** Deep Sea Covals™ (1571).

ORDER OF APPEARANCE OF PROTOTENTACLES.

In corals whose development has been studied sutheiently far, the first tentacles are found to
make their appearance within a few dayvs after the fixation of the lavva.  The number of tentacles
first to arise corresponds as a rvule with the mumber of internal mesenterial chambers already
established, the tentacles being outgrowths from then  Generally, in coral larvie. the twelve
primary mesenteries, with their corresponding chambers, ure developed either at the time of
fixation ov shortly after. and the twelve primary tentacles appear cither simultaneously, one
from each mesenterial chamber, or one cyele may arise in advance of the other. In the latter

ase the inner evele of entoceelic tentacles usually appears tirst.and the exocwelic members next,
but in Siderastraa radians this order is reversed (p. 533).

The establishment of the tentacles serves to delimit for the first time the-larva into two
regions—disk and colunm: and with this the lavva may be considered to have hecome the polyp.
The part of the polypal wall bearing the tentacles anid mouth is the disk. and the region outside
or below is the columm.  The tormer becomes move or less flattened, and constitutes the free oral
extremity of the polyp. as opposed to the fixed o1 basal aboral extremity. while the colunin is
vertieal und remains more or less evlindrical.

The actual appearance of the primary tentacles has been observed as follows: The larvie of
Astroides calyendaris, eximmined by Lacaze-Duthiers (1873), presented twelve tentacular prominenees
at a very early stage after fixation. During the development of Curyopliyllic cyatlens. G. von
Koch (15397) found that in most cases the two prinry eveles of tentacles appeaved simultaneously,
though some of hix observations seemed to indicute a successive origin. Von Koel's figure
(p. 760) ot the voung polyp.at the stage when the prototentacles are all developed. represents the
members of the inner entoceelic eyvele as smaller than those of the outer exocerlic evele, butin the
text the author states that they are lavger.  Lacaze-Duthiers (1897), in his recent paper on the
corals of the Gulf of Lyon, gives many figuves illusteating the early developnient ot Balanaphiyllia
refes Froun the beginning two alternating eyeles of large and small tentacles are indicated, and
no veference s made to any intermediate stage.  The same author (1804) mentions six tentacles
as occurring at an early stage in the development of /7%ubellwin anthopliyllion, and later tignres
the complete tweive.

Young polypsof Meanicina arcoluta, which T was able to rear to the stage with twelve tentacles,
were also characterized by the simultaneous development of these organs.  When first defi-
uitely recognizable under the microscope, after a period of fixation of about fourteen days, two
cyeles were present, nearly equal in size (Pl XIX. fig. 135).  In two or three young polyps. from
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a batelh of farvee of Zes fragen, only six primary tentacles appeared sinmltanconsly. abont
four days after the larvie were set freeq and in other larvae reared ater the members of the inner
cvele appenred in advancee of the onter (PL X1V, tig=. 106, 107).

So far as 1 ean discover, N pastran padéans 1s unique mnong botle corals and Aetiniaus in
that the tirst tentacles toarise are the <ix exoeelic members, This relationship was established
in scores of instances. and no exceptions whatever were observed, so that it must be regarded as
characteristic of the species. The <ix members were developed simultancously a few days after
fixation of the larvie, and two or three weeks elapsed hetore the members of the entoecehe eyele
began to appear.  These were sitnated central to the fivst evele, and in nost cases the six appeared
together, but a few exhibited a snecessive ovder, thongh of no regnlar character.  For a long
time the newer tentacles remained smaller than the older, the usual entacmreouns order being
thus reversed.

On the completion of the prototentacudar stage. the relationships of the tentacles and
mesenteries are ax follows: The twelve primary mesenteries only have appeared, eight of which
are complete and four incomplete, and the tentacles are onterowths from the twelve mesenterial
chambers. one from cach. The six larger tentacles constituting the inner eycle are situated over
the <ix entoereles. and the =ix <miller tentacles of the outer cyele over the six exoveeles.

The rale that the tentacular sequence is associated with the stage reached in the mesenterial
development was first demonstrated by Lacaze-Duthiers (18572) i the lavve of cAetinia cquina.
The primary mesenteries in this species were found to appear in bilaterial pairs, according to a
regular sequence, and the tentacles conformed to this.  Thus from the dorsal chamber, the
larger of the two produced on the appearance of the first pair of mesenteries. appeared a
laree tentacte, and from the ventral or smaller chamber a =maller tentacle, both in the axial
plane.  As the later pairs of mesenteries arose and chambers were formed, corresponding
tentacles appeared in a bilaterial manner until the twelve were established. The primary
tentiacles in L. eguina retained the bilateral symimetry for some time, but nltimately this was
succeeded by the adult condition. in which the tentacles in any evele ave equal in size.

All corals so far investieated. however, are previded with twelve fully established
mesenteries (eight complete and four incomplete) and mesenterial chambers hefore the ten-
tacles hegin to make their appearance.  Ience, there is ravely any sneeessive development in
their tentaenlar onterowths. but the members of one or both cyveles arise simultancously-—one
from each chamber.  Where in Actinian larvee less than twelve mesenteries ave present. the
number of tenticles shows a corresponding diminntion.  Thus in larve of  Lebrwnia coralligens
only ecight of the primary mesenteries were developed at the time of fixation, and bnt cight
tentacles appearcd -in thix case four lurge and four =mall.  For nearly a week no inerease of
mesenteries took place, and the tentacles. though modifying their comparative size. remained of
the same number.  Some of the Aetinian kuvae studied by Lacaze-Duthiers also showed only
cight tentacles for <ome time, and Faurot (1895) has obtained similar results.

A few ob=ervations have been made upon the appearance of the tentacles in budding polyps.
Tu the carliest stages determinable in buds of Zosites and Wudrepora, only six minute protuber-
ances can be distinguished, two median and four lateral, differing somewhat in size.  Older buds
with eieht or ten tentacles may also be found.  Such instunces merely suflice to indicate that the
prototentacles of the bud do not arise simultancously in the two genera mentioned. hut in
median and then in successive bilateral pairs.  The buds, however. are so minute as not to
permit of more detailed exantination in the hving expanded state. and searcely anything can be
ascertained from preserved colonies.

The bilateral condition of the tentacles in the adult Meadrepora and LPordtes: alveady veferved
to, is fnll of <ugeestiveness from what is known of the tentacular development in the Actiniaria.
Lacaze-Duthiers (1572) has shown that in _1etZn/e cquine an axial tentacle fivst appears. and that
for a long time this remains larger than the others, which arise in successive bilateral pairs.” Tlis

«Dr, A. Appellof (1900, p. 79) douins the accuracy of Lacaze-Duthiers” account and figures of the developinent of
the tenlacles in . letinia equing, which have been accepted almost ax classic.  Among hundreds of larvie of this species
investigated by him, Appell’f has never met with the succession and proporiional size of the tentaclex indicated by
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ficnre of the larva. at the stage where twelve tentacles are present. should he compared with the
fignres of the tentacles in the adalt polyps of Wudrepora and LPorites, on Pls. Land IV. 1t isseen
how very closely they ngree in the relative xizes of the tentacles. and especially in the promi-
nence ot one of the axial tentacles (the dorsal of Lacaze-Duthiers, the ubaxial of Mudrepora);
also. the small size of the tentacle on each side of thiz.  Since the publieation of Lacaze-Duthiers
results somewhat similar phases in the appearance of the prototentacles have heen obtained in
other Actinians.  In the Actinian, Ledrunio coralligens. U have shown (1899) that a bilateral stage
with a Luge dorsal or sulcular tentacle ix assumed even after a primary tetrameral radial phase.
Occasionally anemones are come npon in which the primary large tentacle is retained in the
adult. and in certain Sagartids occurring in Kingston Harbor the organ displays remarkable
motile powers.

All the facts go to prove that the adult bilateral condition of the tentacles in Wadrepora and
Dorites is to be regarded ux the retention of a larval stage oecasionally passed through by
Actiniaria.

METATENTACLES.

No description is availuble as to the manner of appearance of the tentacles in any young coral
polyp hevond the two eyeles of prototentacles.  The few observations 1 have heen able to make
indicate that the metatentacles appear practically simultancously with the metacnemes, an exo-
ecelic and an entoceelic member together, ax in Nolenastraa (tig. 83)1 or the entoccelic tentacle may
arise in advance of the exoccelie, as in the young polyp ot Faeia (tig. 109): Siderustroaa radivns is
again exceptional in that its exoeccelic metatentacles arise before the corresponding entocwlic
organs,

Very definite accounts of the order of appearance of the tentacles in Actinize are given by
Professor Lacaze-Duthiers (1872), and also by Dr. L. Faurot (1895). By these writers it has
been shown. in numerous instances, that the tentacles heyond the two first eyeles arise in pairs, of
which one member is entocelic and the other exoceelie.  The entoeelic tentacle grows more
rapidly than the exocelic, surpassing indeed the members of the outer (exoccelic) cycle of proto-
tentacles.  The exocelic metatentacle attains the same size as the exoceelic prototentacles, and
when the former are all developed the two series together are comprised in the third cyele, the
second evele now heing formed of the entocelic nietatentacles, which rank next in size to the
entocelic prototentacles.

The stages passed through will be best wnderstood from the accompanying figures (fig. 2),
taken from Faurot's ** Etudes.”  The process ix that followed in Zvalia felina.

N

ORAL DISK.

The oral disk is the more or less flattened distal termination of the polyp. It includes and is
hounded peripherally by the tentaculur zone, and bears the oral aperture in the middle.  In most
species the eveles of tentacles wre closely arranged. and comprised within a narrow marginal
region. while the more central area of the disk. known as the peristome, is nuked, and may he
depressed. flat. or elevated in a cone like manner.  The tentacles on the disk of S/dvrastraa and
Agaricia are comparatively widely apart. and the naked area is correspondingly diminished: the
tentacular zone in Orb/edla acropora also occupies a large proportion of the disk (fig. L, p. 423).
The discal walls are often delicate und partly transparent, and permit of the septa being seen
through; like the colwmm wall, the external surface may he smooth or verrucose. Usually
numerous radiating grooves oceur, corresponding with the internal mesenteries: the grooves of
the complete mesenteries extend ax fur as the center of the disk, while those representing the
incomplete mesenteries streteh only part wuy.

Lacaze-Duthiers; usually eight tentacles arise, practically simultanconsly and eqnal.  Knowing the great variability
often exhibited by Anthozoan larvie, according to the developmental stage at which they are extruded, it seems to
me not unreasonable to suppose that even the same species may present such wide variations as those given hy
Lacaze-Duthiers and by Appellof.  The agreement of Lacaze-Duthiers” figures of .1, equing with those representing
the tentacles of Madrepora and Porites is certainly suggestive.
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In ~hmple polyps. aind where asexual reproduction takes place by colummar genmmation. the
diskk is cireulur or :lightiy oval.and bears only one central month; a complete tentacular system
belongs to each individual, and forms a closed cirele.  But where inerease takes place by incom-
plete tissiparity the disk becomes karge and irrecular in outline, and as o rule hears more than
one oral aperture, the whole surrounded by a complex  tentaculu system.  In genera like
HMenielng and Meeandrine the disk is represented by irvegular, meandering, tlattened areas.

During the retracted state of the polyps the disk ix depressed, its periplicral border resting
upon the edges of the septa.  On very strong retraction the interseptal diseal areas may be
drawn naeh below the level of the septal edges. and invade the polypal eavity as mesenterial
funnels—:" Septaltrichter™ (see below).  Ax a rule, the retracted disk is almost entirvely hidden

H
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One of the six tentacular systems of an Actinian polyp, illnstrating the order of development of the tentacles, from the stage with twelve
to the stage with forty-eight tentaeles, in their relation with the mesenterial chambers. a, Sextant with two entoeeelic proto-
tentaeles (1, 1) and one exocecelie prototentacle (A). b, Two rudimentary tentaeles have appeared, one (I1) from the entoccele and
the other ' B} from the exoceele of a new pair of metacnemes. ¢, The new entoccelic tentacle (11) has now become larger than
either of the exoecelie tentacles, but is a little smaller than the entoceelic prototentaeles (I}, and constitutes the second eycle of tentacles,
while the exoecelic tentacles (A. B) constitute the third eyele, d, Rudimentary tentacles (¢, 11I: I, ¢) have appeared in association with
the entoceeles and exoeccles of two new pairs of second-cyele metacnemes, ¢, The entocwelie tentacles (IIL, 111}, ineipient in ¢, have
now become larger than all the exoccelie tentacles, but are less than the member of the sccond cyele of tentacles,and constitute the
third adult cyele of twelve tentacles.  All the exoecelie tentacles (A, B, C, €), though appearing at different times, are now equal in
size, and constitute the last or fourth excle of the adult.

by the overfolding upper region of the column wall. bat usually a small cireular opening
remains, simulating an orzl aperture, and through it the middle of the disk can be seen below.
On partial expansion also the disk may be sunk helow the upper edge of the column. but
on full expansion it wsually becomes strongly convex, the middle area raised above the level
of the column, and even of the tentacnlar zone. In /o fragum the disk may project in this
way a5 much as 5 mm., and the perioral region becomes extended in a dome-like manner. hear-
ing the slit-like mouth at the apex.  This is noticeable also in Qculina diffusa (P1 XX fig, 144).
In transverse sections through the disk thus produced ouly the complete mesenteries are usually
included. as the inconiplete members do not radiate far across (Pl. XI, fig. 83).
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Ilistologically the disk ditters but little from the tentacles or cohumn wall.  The peristome
ix gencvally very thin walled, and in nearly all cases isx provided with weak radiating ectodermal
and circular endodermal musculatnres.  Granular and elear gland cells are gencrally numerons,
and nematoeysts, somewhat similar to those in the tentacles, are sparingly distributed.  In some
cases i delicate ectodermal nerve layver ean also be distinguished, but is never so pronounced
as in the tentacles.

In fully retracted polyps of many species the discal wall is fonnd partly ifroverted within
the polypal eavity, somewhat in the smme nanner as already deseribed tor the tentacles (p. 423).
Such a eondition is often very confusing durving the study of sections, and may seriously
inferferve with the determination of the velationship of the mesenteries to the stomodweum.  In
one important respect the invagination is distinguishable from the introversion of the tentacles:
it is essentiatly anesenterial in position, while the tentacular intwrning is intermesenterial.
Pl XVI. fig. 117, represents the appearance of the invaginations at ditlevent levels, ax met
with in a fully retracted polyp of /2icdocwnia. The indentations occur about midway along
the radial extent of the disk, and vary greatly in extent, but in general diminish fromabove inwards.
The one to the left extends at thislevel over three mesenterial chambers, the entoealie septum
being evidently notehed, and thus permitting of the continuity of two really distinet tracts. The
middle invagination oceupies only one exocwhic chamber, while the upper is still smaller, hoth in
width and radial extent.  The discal ectoderm is exceptionally hroad. heing eut obliquely, and
the radial muscle fibers are clearly seen.  The tentacles themselves are also involved in the discal
invagination. but only as part of the disk, not as distinet organs.

The depression of the diseal wall vesults in the interruption of the mesenteries radially, so that
the latter are scen oulv toward their insertion in the polypal wall and in the stomodaeal wall.

On Pl XIIL, fig. 95« taken from a retracted p()l_\']) of Furia Jragrum, a disceal introversion
is seen near its terinination, about midway along the transverse length of the mesentery: a few
sections below. the continuity of the mesentery ix established.  Suel an appearance might casily
he mistaken for some tubular organ connected with a mesentery. but the phenomenon can be
readily explained as a vesult of the strong contraction of the mesenterial musculatore. It is
sasy to sce how on full retraction of the polyp the diseal wall will come to rest upon the septal
edges; then any further mesentevial contraetion can draw the interseptal portion of the dixk
only downward, so that in transverse sections the latter appeavs as if actually inclosed within
the polypai cavity, along the smme vadius as the mesentery.

As already mentioned. von Heider (I1886) has deseribed an invagination of the discal wall
in _Astroides calyenlaris, but in this case the wall passes into the mesenterial chambers, withont
in any way involving the mesenteries. It is evidentiy independent of the action of these
organs, and von Heider endeavors to explain the occurrence as dependent upon the intevaction
of the tentacles and expulsion of the water during retraction of the polyp.

Dr. O. Cartgren (1899), in his paper. > Giebt es Septaltriehter bei Anthozoen.™ discusses
Goette’s view that the mesenterial funnels (Septaltrichter) found in the young of wvarions
Actinian species are to be regarded as distinet organs,  In the larvee of Bunodes gemncacen, Carl-
eren ohtained appearances exactly similar to those figured by Goette and shows conclusively that
they are merely contraction phenomena.  Cilgren’s fignves compare most elosely with figure
117. PL. XV1. and leave no doubt that the appearances are all due to the same canse, nmnely.
unequal contraction of ditlerent vegions of the polyps during preservation.  The oceurrence of
fixed septa in corals renders it much ecasier to understand how the ineguality is possible in this
aronp tlan in the case of the wholly soft-hodied anemones or their larvee. )

It may be conceived that the peentiar canal-like modifications, deseribed by Fowler (1887).
as ocewrring in certain mesenteries of Madre pora duredics, have heen produced by invaginations
during strong retraction of the polyp.  There are however, some features in this ease different
from conditions yet met with in corals, but on the other hand the modification seems altogether
at virtancee with onr present knowledge of their morphology.
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MOUTH AND STOMODAUM.

The actual form of the mouth of coruls depends mueh upon the condition of expansion or
retraction of the polyp.  In the retracted or partly retracted state the aperture, as a rule, is nar-
row and xlit-like while the outline assimed on expansion may be nearly civenlar,  Under certain
conditions the mouth is closed all the way, with the exeeption of 1 small opening at each extremity.
In practically all cases a longer and a shorter axis are determinable, thus giving a bilateral char-
acter to polyps which otherwise would be outwardly radial in symmetry.  In generalike Manieina
and  eeandrina, with a meandeving disk. bearing numerous small oral apertures, the longer
axis of the lutter is usually along the leneth of the disk, and the shorter axis is transverse. In
branching coloniex the longer oral axis ix approximately in the axinl-abaxial plane, while in
the nuny polyps of compact flattened coloniex it may be either radial or irregular in direction
with regard to the middle of the colony.

The usual condition of living polyps is one in which the mouth is partly open, the white,
smooth. depending walls of the stomodwunm easily distinguishable through it. Rounded lips
sometimes serve as a gradual transition from the disk to the stomodawmn, but in deeply pigmented
species the boundary between the disk and stomodweum is wsually very sharply defined.  When
polyps ave retracted. the month is generally in the same plane as the flattened dixk. hut on
expansion it becomes more or less elevated along with the central part of the peristome (fig. 16).

The stomodewm is usiedly oval in transverse section, but may be cireudar.  Its vertieal
extent, as a rule. is comparatively short. more so than ix usually the case in Actinian polyps.
In some species, the lower stomodaeal edge can be easily discerned when the mouth ix widely open,
the organ suggesting a nrere inturned tlap of the disk.  Sometimes the walls of the stomodxum
are smooth. but in perhaps the majority of species they are thrown into deep vertical vidges and
furrows, extending the whole length of the ovgan. and a little less marked in the fully expanded
than in the retracted state.  Genevally the vidges are more noticeable on the living polyps than
after preservation. and those of opposite sides alternate.

When the polypal tissues are partly transparent. the stomodaal ridges are seen to correspond
in number and position with the attachment of the mesenteries to the inner or celomic surface
of the stomod:eunt (Pl X1IX. tig. 130).  To a limited extent. therefore. they serve to indicate the
number of complete mesenteries,  The ridges are found to he very variable in number in forms
such as Mewandrina, Manicina, and Lsoplyllia. which happen to be species in which they are
best developed.  In Merandrina. for example, only three or four ridges will he present on ecach
side of the stomodawm where the oral aperture is small. while in others there may be seven or
eight.

On transverse section the stomodwal ridges are seen to be tormed by thickenings of the
mesoglwa, and less <0 of the ectodem. but the endoderm takes no part (Pl XXX, fig. 147). In
speci«;s in which the ridges are best developed the ectoderm of the elevations exhibits a slight
histological distinetion fromi that of the furrows: large nematocysts and gland cells oceur among
the supporting cells of the former. while they ave practically absent from the intervening areas,
which ou their part ave more strongly ciliated. Xt the inner termination of the stonodaeum the
ridges appear as if continned down the free edge of the complete mesenteries as the mesenterial
filanment=. and the histology of the two agrecs very closely.

With the exception of the ridges and furtows, oceurring only in certain species. the stomo-
dweal walls are structurally uniform all round: in other words, true ¢onidial grooves or sipho-
noglyphs are absent from Madrepomrian polyps. A~ met with in the Aetiniaria. at the opposite
ends of the stomodeun. the gonidial grooves are veadily distinguished in the living condition by
the greater thickness and firnmess of the walls, and by their smooth free surface: histoiogieally
the cilintion is stronger than elsewhere, and nsually nematoeysts and glandular cells arve
more sparingly distributed.  The grooves in anemonex are invariably associated with a pair of
dirvective mesentevies.
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A gonidial groove at cach end of the stomodweuu is, with certain exceptions, present in all
Hexactinie: and a single groove occurs in the Zoanthew and Cerianthew.  In the Zoanthew the
organ is ventral or posterior, while, according to Carlgren (1803, p. 243). it is dorsal or anterior
in the Cerianthere. A ventral groove, first termed by Professor Hickson (1883) the Siphonogly phe,
is likewise found m nearly all Alevonarvia. It is, theretore, a little remarkable to tind that such a
typically Anthozoan organ has never been established for the Madreporaria, and it is absent from
each of the twenty-six species here studied . 1ts non-developmeut is probably indicative of
the more primitive character of coral polyps generally compared with most Actiniaria.

The suggestion may he offered that the grooves, already described as occurring all the way
round the stomodweuw in some species of Madreporaria, are to be regarded as the ‘morphologieal
ad physiological equivalents ot the two axial grooves in the Ilexactinian polyps.  Instead of
a groove ocenrring only between each pair of directives, one is found hetween all the complete
mesenteries.  The same histological ditferences are found in each case. though not so pronounced
in corals.  No experiments have been made to determine whether the grooves in the Madre-
poraria have any special function in directing the inhalent and exhalent currents, and with such
small oral apertures experimeuts of this character would be difficult to conduet.

In living polyps of Cludvcora arbuscula. Solenastraa hyades, and others, the lateral por-
tions of the lips and stomodieal walls have at times been observed to come into close coutact,
leaving a small aperture at each extremity of the mouth. through which currents of water enter
or leave the gastric cavity. A similar approximation has also been recorded by diflerent
observers as occurring amoug the Actinize, but is there associated with the presence of conidial
grooves, In the Zoanthidae, provided with only one gonidial groove, only one terminal aperture
remains when the lips are approximated.

The inner stomodeal extremity may become reflected upwardly and outwardly. so that in
transverse sections the stomodeeal walls are cut through twice: or, if they are much folded in
addition, they may appear several times in succession in the same section.  The appearauce of
the reflection in longitudinal section is shown on Pl VII[ tig. 56, and in transyerse sectiou on
Pl VI, fig. 51.  The stomod@um terminates internally at practically the same level all the way
round, or the two axial extremities, with the directives attached. may extend a little below the
lateral walls, but nothing comparable with the ** Languettes™ of Actinians has heen observed.

Upon complete retraction of the polyp. the distal parts of the polypal tissues—upper colunmn
wakl and disk—mostly come to rest upon the skeletal projections—septa, pali, columella; in
consequence of which the stomodicumt heeomes flatténed and more or less irregularly folded.
Asa result it is often with difficulty that transverse sections of the stomodaum, exhibiting the
relations of the mesenteries, can be obtained, especially as the organ is comparatively short.

On retraction the stomodieal walls as a whole are sometimes thrown iuto a few deep vertical
folds, which assume a synunetrieal figure.  This is especially the case in ZoriZes (tigs. 28,0 30): the
folds may be four or zix in number, and approach so as to touch one another in the middle,
practically obliterating the lumen.  The stomodweal foldings of a bud of  advcora likewise
assuned a recular arrangement (PLVIILL fig. 60): Fowler (1888) also describes and figures a
sinilar appearance in a transverse section of the stomodweum ot SNepdutopora sublate.  No douht
it is a consequence of the strong coutraction of the circular endodermal muscle.

The histological details of the stomodieal wall are practicaliy alike in all Madreporarian
polyps. and agree closely with those of the Actiniaria.  The ectoderm is always a broad. strongly
ciliated layer. compuised Iargely of supporting eells, the nuclei of which are closely arranged.,
and give rise in sections to a characteristic, brightly-staining zone.  The etliation is uniform
throughout. and is nearly always persistent in preserved material.  Asa rule nematocysts of
two or three kinds oceur, while hoth c¢lear and granular eland cells are numerous.  The latter
are particularly abundant in ladocore (g, 520).  In some cases, e. w.. Lhyllangia, distinet
ectodermal nervous and muscular elements can he made out near the mesogleal surface, but are

Saville Kent refers to a siphonoglyp in a Barrier Reef Fungia, and Bourne adds one to his diagrammatic figure
of a coral, on p. 62 of his article Anthozoa (1900).
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never so pronounced as in the lwger Aetinian polyps.  The histological diflerentiation where
ridges und grooves are strongly developed has been alluded to above.

The cctodernt of the stomodienm terminates mesenterially in direet continnity with the
mesenterial filiments of the complete mesenteries.and for some distance the histological details
of the two are alike.  The layer may be also partly reflected on the endodermal surface, and
continued a short distance along the edge and both faces of the mesenteries (L VI, fig. 51).
This refleetion of the stomodaval cctoderm plays an important part in discussions of the origin
of the mesenterial filaments, and is again referred to on page 477,

The stomodwal mesoglea is usually thin, and uniform in character all round.  As a rule the
endoderm presents no features which distinguish it from the sume layer covering the whole of
the upper part of the internal cavity.

COLORATION.

Al deseriptions of coral reefs allude to the great variety, vichness, and beauty of ecolor of
the living coral.  On any coral pateh around Jamaica. the predominating colors are ditferent
shades of brown—light, dark. yellow, or green. This is largely due to the great abundance of
colonies of Madre poras Millepora, and Weeandring, all of whieh exhibit one or other of these
brown tints. Adding variety to these are the rich yellows. greens, and blues of the different
species of Lorites.  Of the less massive corals—Solenastrau, Cladocora, Oculina, and Furic—
vellowish-brown is likewise the prevailing color.  Even where the general coloration of the
colonies is nearly black or steel gray, as in some species of Orbicella and Ifsophyllia, a closer
examination, espeeially when the polyps are fully expanded. indicates that yellowish-brown is
the fundamental color.

The prevalence of the vellow-brown color is casily understood when an examination is made
of the polypal tissues.  For in all instanees in which it oceurs, the endoderm is found to he more
or less crowded with the so-called > yellow-cells™ or zooxanthellwe, which are unicellular
symbiotic algw, the chromophores of whieh are yellow or yellowish-green.  That these are the
main eause of the external coloration may be readily proved from colonies of Madrepora.
In this ¢enus the polyps toward the apex of growing branches are nearly colorless, the white
skeleton showinge through the perfeetly transpavent tissues, and on a microscopic examination
of the endodermal layer zooxanthelle are tfound to be ahsent, while they are present in abun-
dimee in the endoderni of the older, strongly piginented regions.  When a contracted living
tentaele is viewed under the microscope, the niargin is quite colorless as far as the thickness of
ectoderm. while on foenssing within, the endoderm is found to be almost black and opaque. The
interior of fully expanded tentacles is lighter, and the individual yellow eells ean be seen.

In the few instances in which zooxanthellae are neariy or wholly absent from a species,
asx in Astrangia solitaric and  Phyllangic americana, the polypal tissnes appear peculiar
delicate, and are wholly colorless and transparent. except for the occurrence of delicate
supertieal colors. such ax rose and green.  The transparency of the tissue appears to be very
general in the members of this group of corals.  In the ** Introdnctory Notiee ™ of the anatomy
of Astrungiv danee, Fewlkes (1889) also describes the color of the expanded polyps as == white,
almost transparent. resembling an Edwardsia or small white Aetinin: when contracted the eolor
" An examination which 1 have made of the tissues of this species
reveals an absence of zooxanthelliw.

Again. the polyps on the under. unexposed surface of colonies living in shady places
are nearly always devoid of color, although the individuals on the exposed area of the

shows a green or bluish tinge.

-

same colony are deeply pigmented. .\ remarkable instance of this occurs on the piles supporting
the broad wharves at Port Royal.  Numerous clhimmps of the covals Genlie and (Tadocora grow
attached to the piles: the outer exposed colonies arve of the usual brown color, while those living
on the inner pillars. which are cut oft fronn the strong sunlight. are perfeetly white, the corallum
alone showing through the trausparent tissues. It is manifest that a chlorophyll-bearing alga
could not flourish under conditions wherve it ix more or less deprived of light; but except for
this absence of coloration the coral polvps appear normal.  Colonies of _lyaricia, which usually
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arve densely colored, are found to be quite pale when living in the shady places often selected by
these forms.  The presence of zooxanthellae does not seem to be at all essential to the life of
coral polyps. secing that colorless individuals in the shade flourish apparently as well as those in
tully exposed places.

The degree of ageregation of the vellow cells likewise determines the intensity of the
coloration.  The tissues of fully expuanded polyps are generally lighter in color and more
transparent. and under these conditions zooxanthelle are proportionately iess numerous in a
otven area than during the vetracted coudition.  When the polyps retract strongly. the algwe
become closely ageregated within the thicker endoderm, and the tissues are darker and less
transparent.

During the early stages of maceration of corals such as Judrepora. within a white poreelain
Dasin, the zooxanthellie will separate freely from the tissues, and accumulate on the bottom of the
dish, ¢iving to it a distinetly yellow appearance.

When coral polyps are preserved in aleohol a brownish yellow or golden vellow pigment
is first extracted, bt after a few hours, if transferred to coloriess akeohol. the liquid ix colored
in the same manner as by the green coloring matter of plants.

The column wall and disk of the species of Zsopliyllio. Heandrina. and less so of Meawicina,
Colpoply'lio, and Orbicellu, ave often characterized by the presence of small. superticial, opague,
garanular spots and patches. These are recognizable by means of a lens on the living polyps, und
persist for some time after preservation.  When the polyps are retracted the exposed tissues are
practically opague, and seem dense in comparizon with the nearly transparent walls of such forms
as Madrepora, Oculina, or (ladocora.  The opacity is, however, limited to the regions of the
column wall and disk which ave fully exposed during retraction: the infolding wargin of the
wall, the tentacles, and the peripheral region of the disk, which are non-cxposed regions. seem
thinner and are more transparent.  Any other marked superficial colors which may he present
in these genera are likewise practically restricted to the exposed areas.

Examination of the outer tissues of these genera, by means of sections and macerations,
reveals the presence of much finely grannlar, colored. non-transparent matter. The granubn
matter is nmostly concentrated in the deeper regions of the ectodermal layer. but at certain points
extends throughout the thickness, strongly distinguishing the areas from the remainder of the
laver.  Oceasionally. as represented in the section of the column wall of  Zsoplyllia (PL XV1I,
fie. 122), the aceumulation occurs at fairly regular intervals.  On the other hand. some regions,
such as the upper margin of the colmnn wall the tentacles, and the periphery of the disk. are
without the granular cells, these being the more transparent areas in the living polyp.

The small dense spots. referred to above as seen on the living tissues, evidently vepresent
the points at which the granular matter s most concentrated, so as to extend throughout
the thickness of the ectoderm. while the wgeneral opacity of the tissues is due to its more
diffuse distribution within the deeper parts of the layer.

On maceration the contents of the cells appear ax a tinely granular substance. usnally yellowish
in color, and unacted npon, or only very shightly, by stains and acids.  The cells thus difler from
the more usual granular gland cells of the Zoantharia, which are alwavs best developed toward the
free surface of the layers, and take np stains. such as hiematoxylin and carmine, with great avidity.

It may be conceived that the opuacity has for its function the regulation of the amount
of Tight passing to the endodermal tissues in corals living in more shallow waters.  Certainly the
forms m which the eranular cells are best developed ave among the least active of the coval
polyps, and the coloration s wost dense over the exposed areas.  The endoderm shows no
peculiarities which can bhe connected with the ecctodermal opacity:  zooxanthelle occur ax
nunterously as in other species.

Menicina areoluta affords some interesting variations in the presence or absence of its dense
superficial coloration, which seem to indicate some connection with the depth at which the corals
occur.  In colonies inhabiting very shaltow waters. such as those of Kingston Harbor and
Bluctieids Bay. the superficial pigmentation-—yeliow. hrown, or dense opaque white—is strongly
prononnced, and in small or laree irvegular patches: but in young polypsand large colonies from
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the deeper water on the reefx this pigmentation is wholly wanting, and the tissues are of the
more prevalent yellowish brown color. produced by the endodermal zooxanthellw,

The snperticial or ectodermal coloration of corals varies greatly within the same species,
expeeially in different arcas, and is of small importanee for purposes of specific determination.

The polyps of 2ichocania stokesd exhibit some exeeptional conditions of coloration as regards
the internal tissues.  Within the ectoderm cells of the colmmn wall are fonnd highly vefractive
eranules distributed throughout the layer with approximate uniformity.  There is no evidence
of the eranudes being ageregated within limited groups. nov of concentration toward the deeper
regions of the layer.  They are colorless in presevved material. but are green in the living polyp.
and are no donht the chief cause ot the green color of the polyps, and the general opacity
presented by the external tissues.  On decaleitication of preserved material the lower two-thirds
of the ecmbedded polypal tissues is also of a dark green color. contrasting strongly with the
upper colorless walls.  Microsecopic examination reveals that. as usual, the lower skeletotrophic
endoder is greatly thickened, and densely crowded with granules of varions sizes.  Most of the
particles. however. are w bright green, exactly vecalling the ehlorophyll granules i plants: in
decaleified mounted sections the green color is still intense after two years.  The grannles in the
eland cells of the lower vegion of the mesenterial filaments are also o strong green, and even the
large nematocysts in the filunents have a green tinge.

Another form of pigment cell isx found in the tissues of /pdes. Some colonies of Jurites
cluraria are an intense bricht vellow in their living condition. and a lemon color is often met
with in living colonies of 7% astraoldes, while the polyps of 12 d/raricata as a rnle exhibit only
the pale brown dne to the internal zooxanthelle.  Macerations and scetions of polyps of the two
first-aentioned species reveal that hoth the ectoderm and the endoderm are loaded with bright
vellow, pigment-heaving cells. very variable in form and dimensions.  So abundant ave they in
1 clavaric that in places it ix almost impossible to make out any of the other histological
clements; bt in 7% astreoddes they are more sparsely  distribnted, and  their relationships
wn be better determined.  In general the chromophore cells are shorter than the supporting cells
and gland cells of the ectoderm. and oceur at all heights within the layev.

When the ectoderm is macerated the pigment cells separate somewhat veadily from the
other histological clements. and are very protean in shape. scarcely any two heing of the same
torm. A few are represented on PL 1V, fig. 37, The contents are very finely granular, and ave
<carcely affected by stains. but with horax carmine a very distinet nucleus becomes evident,

The chromophore cells ocenr most abundantly in the onter tissues, and in both ectoderm and
endodevin, but are also met with sparingly throughout the polyp. including the epithelinm of the
inesentevies and communicating canals.  Zooxanthellie are found within the endodermal cells in
their usual numbers.  The polyp= of the genus Fordes vary in color move than any other form
examined.

Another factor which probably inflnences the living appearance of many corals is the color
given to the skeleton by the presence of perforating filimentoux algwe, belonging to hoth the
Ql'een and red gvoups. The coralla of all the species examined are found to be infested with
hoving algw. After deealcification the filaments appear fresh and green near the surface, and
contain protoplasm and chlorophyll granules, but are colorless and apparently dead in the move
intevnal regions.  So dense is the foreign growth that in some instances the superficial portion of
the corallnm is rendered bright ereen or pink by its presence, either wholly or in part.  The
skeletal color is hest seen on freshly macerated specimens, as after a few months” exposuve the
coralla hecome more o1 less completely bleached.  The npper snperficial areas of the fresh coral-
lites of (2hicello and extracalicular vegions of Colpophyllia presented green patches of various
sizes. while the color was nsually more uniform in _lgarieda, but alinost any species of coral may
exhibit large or small affeeted areas.  Decaleification also proves that the perforating algme may
he present where @ superficial examination of the corallum gives no indication.

By way of contrast with the more prevalent green color, the covalla of  Aoplyllic dipsacea
after maceration of the soft tissues were a delicate pink, evidently from the presence of some red
alga.  Thisalso gradually disappeared in the conrse of two or three months.  Siderastreea siderea
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and 2rites astraoides likewise often exhibit a bright pink color immediately below the surface
of the corallum.  Tu the latter it is still obvious on dried specinens twelve months after collection.”

Where the soft tissnes of the polyps themselves are not densely colored. a green or reddish
skeleton below must partly determine the general eflect hy reflection through the polypal wall.
Lacaze-Duthiers (1897, p. 5) found the coralla of all the Mediterranean corals examined by him
to be perfectly white when deprived of their soft tissues, heuce coneludes that the coloration
is wholly polypal.

The surface of many polyps often presents a brillant emerald-green color, arranged in streaks
or patches. It is found mostly on the disk ws a peristomial ring. but occasionally on the oral
aspeet of the tentacles.  Such has heen observed in Siderastraea radians, Orbicdlu annularis,
Agaricia agaricites, and Colpoplyllic, as an addition to tlie more usual colors. The phenomenon
is wholly superficial, not intracellular in origin, for histological examination fails to reveal any
structnre which can be assigned as its cause.  The bright green and reddish colors of the other-
wise colorless and transpavent Zhyllangia wicricuna and _lstrangia solitaria ave also of this
character, and pigment granules are here absent from the ectoderm, as well as zooxanthellwe
trom the endoderm.

The causes of coloration in living corals may be thus smmumarized:

(1) Eetodermal.—Pigment granules in ectodermal cells: aggregated in more or less isolated
patches (Lsophyllia. Jeeandrina, ete.): generally distributed (Sorites, Dichocania).  Superticial.

(2 Lndodermal.—Yellow cells or zooxanthelle (nearly all corals); green granules (Dicko-
caniu); pigment cells (Forites).

(3) Skeletal.—Perforating green and red algee.

MESENTERIES.

In all recent morphological studies, which have for their object the determination of the
natural relationships of the Anthozoa. a greater significance is attached to the order of appear-
ance and adult arrangement of the mesenteries than to any other polypal characteristic.  These
serve not only to limit the primary divisions of the group—.>Aleyvonaria, Antipatharia, and
Actiniaria, but in the Actiniaria the chief subdivisions—Hexaetinie, Zoanthewe, Cerianthewe, are
likewise determined by the mesenterial features: and even for minor classificatory purposes the
variations in the organs are often of great service. It will be found that a similar importance
must be accorded the mesenteries in the Madreporaria, and dependent upon their arrangement
ix that of the tentacles and septa. ax well ax other less important relationships.

Among the adult polyps here studied, the simplest condition of the mesenteries is that
occurring in the genera Mudrepora and Pordtes. This is represented in transverse sections in
the ficures on Plates 1 and I11. and, for the stomodwal regiouns. diagrammatically in the accom-
panyving fig. 3. The latter will also serve as an illustration of the terminology to be employed,
and also for certain cognate morphological considerations. which may be first considered.

In practically all the polyps of the two genera mentioned only twelve mesentervies occur,
arranged in six pairs with regard to a median axis. which inciudes the longer diameter of the
stomodeum.  The four pairs reaching the stomodieum are known as complete mesentevies,
while the two remaining pairs, not united with the stomodweuni. are incomplete.  The Rowman
numerals 1-VI correspond with the established order of appearance of the pairs of mesenteries
in coral larvee to be deseribed later.

The twelve mesenteries, characteristic of the adult Wudrepora and  Lorites, ocenr also
in the larval stage of gencera of which the adults possess more than six pairs. and arve
strongly marked off by thetr mode of origin from the mesentertes subsequently developed;
they serve, in fact. as the starting point for various tvpes of mesenterial arrangement of the
highest importance in Zoanthavian studies.  In (900, T found it desirable to introduce sone

The subject of coral boring Algae has been more fully dealt with in a paper: © Boring Algae as Agents in the
Disintegration of Corals.”  Bull. Amer. Mus. Nat. Hist., Vol. XV1, 1902,
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term which would distinguish these mesenteries, either singly or ax a whole, from the later
mesenteries. The  twelve primary mesenteries constituting the first eyvele were designated
* Protoenemes.™ and those appearing later ** Metacnenes, ™ «

The appearance of a mesentery in transverse scetions is rarely the same on hoth surfaces.
The cut surfaces of the longitudinal or retractor muscle tibers form a head-like margin to the
mesoglea, which ix highly vefractive and stains deeply (PL NVIIL fig. 124),  Usually the longitu-
dinal musculature on one face is stronger than the obligue musenlature on the other, and as a rule
the mesoglea becomes folded or plaited to afford an inereased area for the support of the former.
The oblique musele fibers are on the opposite face, and in transverse sections ave wsually eut
obliquely. and the mesoglea is rarely phlited for their support.  For purposes of orientation.
when studying the internal anatomy of the polyvp, the recognition of the retractor musele fibers
on one faee or the other of & mesentery is of great importanee,

Suleular, Dorsal, Anterior.

v jL's

Rilg i1

Sulear, Ventral, Posterior,

FiG. 3.

Plan of the mesenteries at the close of the protocnemic stage. The stage occurs in the growth of probably all larval and bud polyps,
and is retained by most of the adult polyps of Mudrepora and Porites, The Roman numerals (I-V'1) indicate the order in which the
mesenteries are found to appear in the larvie of corals. The corresponding mesenteries on the two sides constitute bilateral pairs,
and the adjacent mesenteries on each side in which the retractor muscles are turned toward each other (11, V'; 1, V1) constitute
unilateral (anisocnemic) pairs; the members of the axial pair, 111, 111, are the sulcar or ventral directives, and the pair 1V, 1V the
sulcular or dorsal direetives. The vertical plane included within the two pairs of directives is the directive plane, and also the axial

or median plane.

The mesogleal plaitinegs for the support of the longitudinal mesenterial musculature are
never greatly complicated i forn in any of the coral species here studied.  They may be quite
simple, as on PL IV, fig. 33, or the folds may become secondarily plaited as in fig. 130,  In the
Actiniaria, on the other hand. the plaitings ave often very finely subdivided in a dendriform
niamer. stretehing along nearly the whole vertical face of the mesentery, or vestricted about the
middle to form a thick. broad, vertical band.  The various figures given by Fowler. Bourne.

@ The substantive “wviun”—a radins or spoke of a wheel—was first employed in Anthozoan literature by
Haddon and Shackelton (1891, p. 626) in the course of their studies of the Zoanthewx. In a foot-note with regard
to it they write as follows:  ““We have tried hard to discover a short term for a mesentery, which would readily
lend itself to combination with other words, but without success. The objection to the word ‘cneme’ is that it
has reference to the appearance of a transverse section of an Actinian rather than to a mesentery as it actually
exists, As the investigation ol the Zoanthere, at least, must principaily be made by means of transverse sections,
this objection has not much weight.”
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and other students of the anatomy ot corals indicate that n other genera and species the muscle
plaitings likewise reniin comparatively simple.

The degree of complexity attained by the mesogheal foldings undoubtedly varies much with
the state of expansion or retraction of the polyp, the plaitings being often scarcely recognizable
in the former condition.  Their character also changes in different regions of the polyp. and even
in different parts of the same section (Pl IV, fig. 33).  The mesentery of Orbicella, vepresented
on PL IX, fig. 68, shows remarkable differences in this respect, the peculiarities extending
even to the face bearing the oblique musculature.  In the diagrammatic and semidiagranunatic
ficures throughont the paper the retractor muscle is conventionally represented by simple
processes from the face of the mesogleea.

From the ficure on page 441 it is manitfest that the paired character of the mesenteries may
be regarded from two very different aspects.  In the fivst place the corresponding mesenteries on
the two sides of the median axis may he considered as patrs.  These are known as ** Bilateral
pairs," and so far as concerns the first six pairs, this is the manner in which the miesenteries make
their appearance in the larva.  In bilateral mesenterial pairs the retractor muscle of each moiety
is on the face turned toward the sume aspeet of the polyp.  On the other hand. any two adjacent
mesenteries in which the longitudinal museles are on the faces turned toward each other—that is,
toward opposite aspeets of the polyp—may also be conceived as pairs, and. in contradistinetion to
the others, these may be known as * Unilateval pairs.”

The two mentbers of a unilateral pair may be either unequal (one complete and one incom-
plete, as in fig. 82) or equal (both either complete or iucomplete. as in fig. 81).  Considerations
of much phylogenctic interest are connected with these conditions (p. 453).  To distinguish a
unilateral pair constituted of two equal mesenteries I propose the term * Isocnemic.”™ and tor
a unilateral pair of two unequal niesenteries the term “*Anisocnemic.”™ I the majority of
corals and anemones the metacnemes arvise as isocnemic pairs, rarely, if ever, simultanecously
by eycles, but bilaterally from one aspect of the polyp to the other (p. 459).

In most adult polyps the condition in which the longitudinal musculature of a pair is on
the taces turned away fronm one another occurs only i the case of the two axial pairs. which
by this means are distinguished as * Divectives.”  Both from their origin and the disposition of
the musculature, the directives are bilateral paivs. and are always isoenemic.

An attempt has lately been made to restrict the meaning of the nearly synonvmous
words pair™ and - couple.” s0 ax to mmply whether the two moicties of a wesenterial paiv
are situated on the opposite side of the polyp. or whether they are close together on the same
side of the polyp. their retractor museles being vis-i-vis.  Unfortunately. there isx scarcely
anything in the terms themselves to denote which should bear one special significance niore than
another, and already they are employed in a directly opposite manner by different Anthozoun
writers.  Thus Faurot (145, p. 51), referring to the manner of appeavance of the mesenteries
bevond the primary twelve. writes: ** Ces cloisons napparaissent pas pur conples, comme dans
période précédente, ¢'est-a-dire. une d'un ¢6té. une de 'utre ¢6té de Faxe connnissural de I'Actinie,
mais par pa/sres dans les intevloges formmées durant cette période. 11 a été expliqué quiune paire est
constitude par deux cloisons voisines dont les fuisceaux de feuillets unilatéraux se font vis-i-vis
(les faisceaux unilatéraux des deux pairs commensurales faisant, seuls, exception) et que chaque
pair forme une loge.”™  Also van Beneden (1897, p. 21): ** Daccord avee Faurot, jlestime qu'il
y o liew de réserver exclustvement le mot puire pour désigner deux closons voisines délimitant
une loge: le mot cornple pour dénommer ensemble de deux sarcoseptes symétrigues, si¢geant Pun
i droite, 'autre & gauche du plan médian.”

There can be not the slightest doubt as to the sense in which these authors employ the terms;
a couple would be the arrangement corresponding with what is here termed a biZateral pair. and
e with what is here designated a v dlateral pair.  Yet Bourne, in the article ** Anthozon,™ in
Lankester's *Treatise on Zoology™ (1900, p. 39). in a foot-note adds: ** It isx convenient whep
speaking of the adult arrangewent of the mesenteries to use the word “couple,” when of their
developmental sequence to use the word *pair,” ™ thus signifying directly the opposite of Faurot
and van Beneden.
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Instead of adopting these tamiliar words. and giving to them a restricted meaning, and hav-
ing to define whether the one or the other usage is to be attached to them, I prefer to speak of
s anilateral pairs™ and s bilateral pairs,” according as the two moieties are situated on one side
of the polyp. or are on opposite sides of the polvp. There can possibly be noambiguity as to the
character of the mesenterial pair indieated.

The portion of the eastro-caclomic cavity included within a unilateral pair of mesenteries is,
following the terminology proposed by Fowler (1885). known ax an ** Entocale,™ while that
hetween any two such pairs is an = Exocele.™  Further, the polyp can be divided into sextants
by ~ix radii included within the primary entocaeles, and the mesenteries or septa within each
sextant are spoken of as constituting a " Svstem.”

A pair of directives oceurs at cach extremity of probably all sexually produced Madreporarian
and Actiniarian polyps, but the regularity is often departed from in asexually developed polyps
(p. +45).  The vertical plane included within the two pairs of directives is known as the * Directive
plane.” and coincides with the axial or median plane of the polyp, as well ax with the longer
dinmeter of the stomodaum. and divides the polyp mto symmetrvical halves. Were the V
and VI pairs of mesenteries to becone complete, it is elear that a plane passing between the two
pairs I and V would also divide the polyp ymmetrically into equal halves. and include the
shorter diameter of the stomodwnm. 1lence polyps at such a stage have two axes ot pertect
svimetry at right angles to each other.  From the ocenrrence of direetives, and of longer and
shorter diameters of the stomodeum. perfect radial symmetry is not found in any of the present
~pecies, and * here noticed elsewhere is probably a result of asexual methods of reproduction—
not a fundamental characteristic.

Among animals like coral polyps and anemones, exhibiting a certain degree of radial
synunetry. the terms dorsal and ventral and anterior and posterior. though adopted, have not
the swne significance as in the higher animals, where one aspect of the body is altogether different
trom the other. Morcover, the relationships, even as understood. are not readily established in
adult polyps.  To determine them it is necessary to select some morphological condition to which
the disposition of the organs can he referved.  The presence of directives enables a median plane
to be established. to which the organs on cach side of the polyp are symmetrically related. right
and left. and such a mesenterial stage as that represented on page 441 also enables what may he
termed upper and lower borders to be established.  The aspect of the polyp toward which the
taces bearing the longitudinal musculature of the two complete bilateral pairs of mesenteries 1, 11
are turned has bheen designated by Haddon (1889, p. 300) the ** Sulear,”™ and the opposite the
~Sulcular.”” The terminology ix based upon the faet that amongst Anthozoa where only one
gonidial groove (suleus) is present (Aleyonaria, Zoanthewm). the organ iz on the aspect of the
polyp toward which the faces of the two pairs of mesenteries, referred to as bearing the vertical
nmuscalature. are directed. Asx conidial grooves, however. secem never to oceur within the
Madreporaria. this character is of no assistance tor purposes of orientation. and the sulear and
suleular velationships.as a rule. can only be determined front the order of development ot the
first evele of mesenteries.  Where, in Zoantharian polyps. all the six pairs of protocnemes are
already complete. and either no gonidial grooves are present or hoth are equally developed, there
is in ordinary cases no means of determining the sulear and suleniar relationships. By most
writers on the Anthozoa the sulear border is regarded as ventral and the suleular as dorsal.

Is it possible to determine an antero-posterior relationship in the polypx from the known
tucts of their development, sueh ax shall be at all comparable with that in the higher animals?
2. van Beneden (1591). from his study of the development of the Cervianthid Jlracdnactis, and
E. B. Wilson (1s54), from his investigations on the mesenterial fitunents of the Aleyonaria, follow
the suggestions of Sedgwick and Caldwell. and compare the gastro-ceelomic chambers ot the
Anthozoa with the ceelomic diverticula of the higher animals.  Oun this theory the side of the
Cerianthid polyp on which the sulcus and directive mesenteries are situated ix regarded as
anterior. while the side at which new mesenteries or segments are added is considered to be
posterior.  From the arrangement of the mesenterial musculature, Carlgren (1593) has <hown
that the suteus of Cerdanthus is situated at the opoosite extremity of the polyp from its position
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in the Alevonaria and Zoanthidae. If the sulear aspeet in all Anthozoa except Cerianthus bhe
coneeived as ventral, then in the latter it will be dorsal as well as anterior, and the ventral or
sulear aspect in other Anthozoa is posterior. It isshown later that the general suecession of growth
of the mesenteries in Madreporaria is also from the dorsal to the ventral aspect of the polyp. that
ix, they arise in an antero-posterior order.  The septa have also been found to follow a like sue-
eession,

The relationships may be thus compared:

Ilexactinize, Zoanthew, Madreporaria ... ... . ... .. ....... Sulear  =ventral=posterior.
suleular=dorsal =anterior.,
Cerlant e e Sulear =dorsal =anterior.

Suleular=ventral=posterior.

Where coral polyps present a definite relationship to the axis of a branch. as in most species
of Madrepora, Oculina, and (' ladocora, axial and abaxial positions are fnrther determinable: and
in the rounded eolonies of  rbicella, Solenastraa, ote.. inner and outer relatiouships, which
correspond with axial and abaxial, are also distinguishable.  Some importance underlies these
determinations, for it will be found that the axial-abaxial and sulear-suleular relations ave not
abways the sanie in corals.

The relationships of the strongly bilateral, radial polyps of Mudrepora to the axis of the
colony may be first determined. The transverse section on Pl I fig. 4. represents the polyp as
situated in relation to the axis of the branch, but the lower side in the figure is inner or next the
axix, and the upper is onter or turned away from the axis.  Owing to the nariform growth of the
corallite the skeletal tissue is more thiekly developed on the upper than on the lower aspeet.
From the proportional development of the mesenteries, and the disposition of the longitudinal
musculature, it is clear that the axial or inner aspect is the sulear, and the abuaxial or outer aspect
the sulcular: or, in the terminology usually adopted. the former is ventral and the latter dorsal.
The large antevior tentaele of Muwdrepora thus communieates with the suleular. and the posterior
tentacle with the sulcar entocaele,

Wherever in other corals it has been possible to determine the sulcar-sulcular relationships.
as well as the axial-abaxial. to the colony as a whole, it is found that the velationships prevailing
in Judrepora ave veversed.  Thus on Pl VI, fig. 61 representing a bud of (Zadocora with the
protoenemes in the /@/uurdsia-stage, the sulear aspect of the polyp is abaxial or outward. and the
sulcular is axial or inwards, in relation to the colony: similarly in tig. 62, vepresenting another
bud of the same species.  In fig. 87, Pl XII, taken from a young bud of Solenastreea, the suleay
<ide of the polyp is again outward (abaxial) and the sulcular is inward (axial).

Dr. Go L1 Fowler (1887). in his studies of Madvepora duredlei and M. aspera, was the first to
determine the axial-abaxial relationships of the mesenteries in the genus, and the year following
(1888, p. 12) he showed that it was directly the opposite of that occurring in Sersatopora subnlutu,
the polyps of which also permit of axial-abaxial determinations.  The differenee between JMadre-
pora and other eovals can best be appreeiated by eomparing the diagrams on page 445,

D, Carlgren (1896) has shown that in colonial Zoanthid:e the macro-directive mesenteries and
the single gonidial eroove are on the outermost side of the colony, or farthest from the mother
polyp. while the miero-directive niesenteries and asuleular extremity of the stomodwum are
toward the mner stde of the colony, or nearest the parent polyp: the anterior (dorsal, asulear)
part is dirvected toward the axis of the colony. while the posterior (ventral or sulear) is
turned away from it (tig. #).  The relationship of the individual polyp to the Zoanthid eolony
ix therefore in strict conformity with that in Madreporaria, the genus Medrepora excepted.

The researches of Moseley, Hickson, and others on the Aleyonaria have also demonstrated
that in this group the relationship of the polyp to the axis is the same as that in mmost Madye-
poraria.  The so-called ventral aspect (sulcar) of the Aleyonara is abaxial. the dorsal aspect
(asulear) is axial (fig. ).

The stuge of mesenterial developiment with only four pairs of complete mesenteries nsually
serves the larvie of Actintaria and Madreporaria as a vesting stage for a long period.  Among
the Aetiniaria the only forms known in which the adult was thought to remain at this simple
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stage are the Edwardsicwe.  The resemblance hetween the mesenteries characteristic of this group,
and those appearing in the conrse of the development of the Actinian larvie, was recognized hy
Haddon (1s89). and the stage was termed by MeMurrich (1889) the > Ailwardsio-stage.”  The
cight complete mesenteries. comprising two bilateral pairs (1. 11 and two pairs of direetives
(ITX. TV). are often spoken of collectively as the Edwardsian mesenteries,

Until recentty the adnlt Ziirdsio was supposed to have no other than these eight complete
mesenteries, and in this respeet was considered to he one of the simplest of the Actiniaria,  As

r i v v

d.

FigG. 4.

Diagrammatic figures showing the relationship of the polyps to the axisin various colonial Anthozoa. The upperside of the figure issupposed
to be toward the axis (axial) and the lower is away from the axis (abaxialy. a, Madrepora. The sulearor ventral aspect of the polpy is
axial and the suleular or dorsal is abaxial. (The upper of the two bilateral pairs marked v, Vshould have been VI, VI.) &, Most other
Madreporarian species. The suleular aspect is axial and the sulear abaxial. ¢, Zoanthids. The gonidial groove orsiphonoglyph is
abaxial, and all the metacnemes (A-D) are added at this aspeet. o, Aleyonaria. The siphonoglyph is abaxial.

such it has been regarded by Bovert (1839) and MeMurrieh (1891) as the starting point for the

diverse modifieations occurring within the different Aetinian groups. Lately Faurot (1895). by

making transverse sections throuch the uppermost region of the capitulum of Zdwardsia

beavtempsi. has shown that in this speecies sixteen and even twenty mesenteries are present,

corresponding with the sune number of tentacles.  The eight additional mesenteries were found

to be feebly developed. bnt arranged on the normal Hexactinian plan. and to extend vertically
Yol. s—No. T—1



446 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

only for about half a centimeter. Foutr of these. along with the cight complete mesenteries.
constitute the six pairs of protocnemes. while the remaining four represent a pair of metacnenies
within each dorsal or sulcular exocele.  Notwithstanding this discovery. it is deemed convenient
to retain the term = Fidwardsia-stage™ for the condition in which only the first four protoenemic
pairs are conmplete, whether other mesenteries ure present or not.

The fewness of the mesenteries in /urites and Madrepora veadily permits of their vertical
order of appearance and disappearance being followed in serial transverse sections, but the same
can be carried out alko in more complex. multicyclic forms.  In species with a large number of
niesenteries the pairs are developed from above downward, us in Zorites and Madrepora, so
that the greatest number of cyeles ocenrs in the more distal region of the polyps, and the mem-
bers of the last-formed cyeles often traverse but a slight vertical extent, compared with that of
the oldest evcles. During the development of the mesenteries it is found (p. 454) that while
the first two or three pairs arise at or near the uppermost extremity of the polyp. that i<, around
the oral aperture, the later pairs first appear some distance down the column wall. thence grow
in both directions. upward and downward.

The mesenteries in adult corals as a rule terminate before the lower aboral extremity of the
polyp is reached. hence this region 1s altogether unoccupied by any of the polypal tissues, except
those lining the skeleton (Pl IX, tig. 67). The organs rarely occur below the upper half or two-
thirds of the vertical height of retracted polyps. Below, however, the septal invaginations
extend farther centrally than above, and thie skeletotrophic endoderm becomes enormnously
thickened, so that aborally the celomie cavity is greatly diminished in extent.

The restrietion of the mesenteries in coruls to the upper regions of the polyp should he
compared with the extent of their course in Actinians.  Here the principal mesenteries usually
traverse the whole length of the column wall. and then extend across the basal disk toward the
center, where they often meet. On the other hand, it must be remembered that the aboral
extremity of the Madreporarian polyp does not altogether coincide with that of the Actiniarian
polyp. In the former, part of the basal disk is greatly invaginated. and its peripheral border,
where it passes into the column wall, is raised much above the actual extrentity of the polyp.

Perithecally the mesenteries may extend the tull length of the column wuall or edge-zone
(Orbicella, Sol-nastreea, ete.), or may terminate in advance of it (Oculina).  In the latter case
the attachment to the skeletotrophie tissne nray be the first to cease, that on the column wall
remaining, or the columnar attachment may be the first to disappear. In (adocora the
mesenteries rarely extend in a complete manner the whole length of the peripheral chambers,
the skeletotrophic attachment ceasing first (PL VI1I, fig. 54).

The mesenteries in Siderastraa are characterized by a peculiar resorption of the peripheral
extremities, so that in the more central part of the polyp the organs extend much farther
vertically than in the peripheral region (Pl NXIII. fig. 153).

The polyps available are generally so small as not to permit of the mesenteries being
readily dissected ount and viewed as a whole: but in serial transverse sections no interruptions
suggestive of wesenterial stomute have been encountered.  Hence there is good reason to
suppose that mesenterial stomata are absent from Madreporarian polyps. The continual growth
upward of the polyp. and the resorption of the mesenteries below. characteristic of most
species, would in all probability preelude the formation of such characteristic Actinian features.

MESENTERIES IN GENERA REPRODUCING BY BUDDING.

The adults of all other polyps here described are provided with a greater number of pairs
of mesenteries than the primavy six of /[writes and Madrepora. In the geneva Orbicellu
(p. 423). Solenastraea (Pl XY, Oculina, Siderastrea (Pl XX, Cludocora (Pl V1), strangia
(PL VI). and Zhyllangia (p. 464). which reproduce asexually by bhudding, the mesenteries are
arranged in alternating hexameral cyeles, and vary in size according to the cycle to which they
belong.  The designation *“cyele™ is employed to include all the mesenteries having the same
radial extent. while the term *order™ has retference to mesenteries which appeared at or about
the same time: the first has reference to their insertion on or distance from the stomodeum, and
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the second carries with it a developmental significance.  Thus the members of the first order
always appear betove those of the second, the second before the third, and so on.  Shonld the
first cyele consist of twelve mesenterial pairs, ax is somethnes the case, it represeuts the first and
second orders.  The members of the first ovder are known as primarvies, the menmbers of the
second ovder as secondaries. the members of the third order as tertiaries, and so on,

In the genera above mentioned the first order or eyele of six pairs (protocnemes) includes
the same mesentevies as those present in Foritex and Madrepora: but wsually all the pairs are
complete and equal. and in cach case they include two pairs of directives—sulear and sulenlar,
which are bilateral. and situated at opposite extremities of the polyp: the other fomr protocnemic
pairs, notwithstanding their origin as bilateral pairs, are now regarded as four unilateral pairs,
two on each side. the retiactor museles of each pair being on the fuees turned toward one another.

The second order of mesenteries in adult polyps also consists of =ix equal unilateral pairs,
alternating with the pairs of the fivst order, and situated within their exocwelic chanibers. In
some cases the paivs of the second order may become complete throughout the whole or part of
the extent of the stomodweun. as in the large polyps of Orbiedlla carernosa or some of the pairs
of the cycle may he ecomplete and the others rentin incomplete, as in the polyp of /hyllangia,
represented on p. 464,

When fully developed. the third order of mesenteries comprises twelve unilateral pairs,
within the exocwles fovmed by the pairs of the first and seeond orders. The fourth order of
mesenteries would contain twenty-four pairs. the fifth forty-eight, und so on, the mesenteries
of the newer cyeles always occurring in unilateval pairs within the exocwelic chambers of the
previous pairs.  The fourth-order mesenteries. however, never appear in any of the species here
studied, except in*/%yllungia, where oecasionally a few members may ocewr (p. 465).  Very
often the mesenteries preseént in any mature polyp may be sueh as to leave the last ¢yele without
the full number of pairs necessary to complete the hexameral sequence.

Although in the adult polyp the metacnemie pairs belonging to any eyele are approximately
equal in size, it by no means follows that they were simultancously developed, any more than in
the case of the pairs of protocnemes: indeed. all the evidenee trom young polyps goes to show
that the mesenteries arise sueeessively. The order of appearance of the metaenemes is fully
referred to on p. 455, ¢f. seq.

The mature polyps of the speeies belonging to the genera enumerated contain, within narrow
limits. a definite number of mesentervial pairs. which is chavaeteristic of the speeies.  As above
mentioned, this number may or may not complete the hexameral multiple. so that the last cycle
commeneed may not he eontinued all the way round.

Inerease in number does not econtinue indefinitely.  Orbicella ucropora has usually twelve
pairs of mesenteries, =ix complete pairs of protoencmes, and six alternating incomplete
metacnemes; 0. radiate contains twenty-four pairs. the twelve pairs of the first and second
orders complete and otherwize equally developed. and the twelve pairs of the third order
incomplete (fig. 1. p. 423): the conditions are the sume in (. cavernosa.  The mesenteries of
Solenastraa and Oculine are. like those of O. acropora. nsually twenty-four in number. six
pairs complete and six alternating pairs incomplete (PL. NI fig. 51).

Astrangio solitario exhibits six pairs of complete mesenteries. and within each primary
exoceele of adult polyps a pair of incomplete mesenteries always oceurs, and in some instances
two or three pairvs (p. 463). In thix latter case one of the paivs is slightly lurger than the other
and belongs to the second cyele of six pairs. while the smaller pair represents all that is yet
developed of the third cyele: but in no instance has the tull complement ot twelve pairs consti-
tuting the third cyvele occurred.  In the closely allied species. Dhyllangia americana. the namber
of mese teries is always greater: hut here also the incompletion of the ftinal cycle of twelve
pairs is very general.  In oune polyp scctionized transversely (p. 464), ten pairs of mesentevies
reach the stomodmeum. These consist of the six protocnemic pairs and four of the first-eycle
metacnenies, the remaining two of this eyele not having yet veached the stomwodeum.  In the
uppermost stomodzeal region, however. one of the paivs hecontes complete.  An alternating cvele
of twelve incomplete pairs occurs, but one or more pairs may be rudimentary or absent.
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The adult polyps of (Tadvcora arbuscnla always contain six pairs of complete mesenteries,
constituting a first evele, and six alternating pairs which remain incomplete and form a second
evele.  Representatives of a third eyele are usually developed. but instead of consisting of twelve
pairs. one in each exocaele hetween the previous twelve pairs, only four or six pairs are usnally
present, all on the sne aspect of the older pairs (PL V1L fig. 49).  Karlier stages in the develop-
ment reveal that this is probably the sulear aspeet of each systemn (p. 458).

In N pastran radians $ixopairs of complete mesenteries are present. along with six
alternating incomplete pairs, and a few puirs belonging to the third cycle may ualso occur:
usually the third-cvele pairs are radially shorter than those of the second cyele. but at other times
they nearly equal them in size.  In the larger speeies, S siderea, thongh more members of the
third eyele are present. the whole twelve pairs necessary to complete the eyele are ravely present
(Pl XXII1. fig. 153).

The polyps of the seven genera described, all prodneed asexually by the process of
gemmation. are thus characterized by the very regular disposition of the mesenteries in
alternating hexamerous eveles.  The first and second eveles are fully developed in all the adult
polyps. while the third cycle may be only partly formed. but so far as it goes the members
altermate regularly with the othier pairs. according to the order of appearance established on
p- 455 ot seq. Inall the polyps two pairs of directives occur in the first cycle.  So far as the
niesenterial arrangement is coneerned, there seems no diflerence between a polyp oviginating as
bud and one derived from a sexnally produced larva: both follow the normal hexactinian plan.

Only the members of the first and second orders ever hecome inserted on the stomodieum
in the species studied.  The later orders never become complete, but retain a definite size
characteristic of the species. ‘

MESENTERIES IN GENERA REPRODUCING BY FISSTON,

The asexual l'ol)l'udu('tiun of the following genera takes place mainly. if not entively, hy
stomodeeal fission: Agaricia, Isoplyllic, Dichoewnia. Faria, Manicine, Meandrina, and Colpo-
phyllic.  1n the first four the polyps so produced may become more or less distinet frowm
one another, each with its own system of tentacles and a colummn wall: in the remaining genera
the separation is incomplete, and meandering diseal, tentacular, and cohnnnar systems are pro-
duced in place of distinet polyps, and only exceptionally are transverse walls developed,
which separate one series of oral apertures froin another.  Sections have been made through
polyps of each of the above genera, and reveal a mesenterial arrangement very ditferent from
that already deseribed for genera where asexual 1'01)1'0(111(11011 by cemmation is the rule.

Transverse seetions through two polyps of Agariedn fragilis are represented on Pls. XXTV
and XXV . while the arrangements of the mesenteries of two ditlerent polyps of Jsoplyllia are
diagrammatically shown on next page.  Fundamental differences are at once apparent. compared
with the mesenterial plans already deseribed. No directive mesenteries oceur in these nor i any
of the otlier examples studied  Very rarely the number of « nmplct(\ pairs may be six. but is usually
irregular. while the incomplete mesenteries vary greatly in number, size, and relation to the
complete pairs. The hexameral plan is altogether departed fronw and cach stomodweum may have
from ten to twenty-five complete mesenteries associated with it. .\ regular alternation of seecond
and third evele mescuteries is found in only one or two places. as at the upper right-hand region
of tig. 5y here and there a single unpaived mesentery may occur within an exoeeele.  Of the many
polyps of each species examined no two display exactly the sune number and relationship of the
mesenteries.

A like absence of hexameral, or any other, regularity occurs in the polyps of Dichocanin
and Zirde (Pl XTIT and XV1). Transverse sections reveal a variable number of pairs of
perfect mesenteries from fowr upward, aeccording to the size of the polyp. while the
alternating incomplete pairs are rarely the sanie in number and size in any two exoceles, and no
direetives oceur.

In seetions of mature colonies of Manicina arcolate only two series of mesenteries can he
ecnerally distinguished, complete and incomplete, the latter ravely atfording evidence of alternating
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second and third eyeles. The munber of nesenteries associated with the stomodaal systens is
very variable. and inany colony, however large, there are prohably only two pairs of dircetives,
situated at what may be regarded as the morphological extremities (p. 507).

Compared with the evelical complexity i Fuede, Municina, ete., the mesenteries of
Mevandrina and Colpophyllic exhibit a remarkable simplicity of arrangement (Pl XX, fig.
I41).  Practically all the pairs are complete, and may be regarded ax belonging to a single order;
here wnd there alternating incomplete pairs are met with, but it is impossible to establish a
regular succession of complete and incomplete pairs.  Never more than one or two alternations
oceur together, while frequently six or seven consecutive complete pairs may be passed in review,
all apparently of equal value, and all heaving tikunents.  The incomplete pairs in all probability
represent new pairs in process of development, which wiil altimately become complete like the
rest.  From eight to sixteen mesenterics may bhe inserted on each stomodaum, according to the
size of the oral aperture: apparently there ix no regnlarity in the number of mesenteries which
upon fission may be apportioned to cach danghter stomodeum.  In the living colony a small
oral aperture with only seven or cight complete stomodweal ridges, vepresenting so many mesen-
teries. may appear as if just cut off from another large aperture with a dozen or more stomodieal

ridges.

a.

FiG. 5.
’
Isoplyllia dipsacca.—Diagrammatic representation of the mesenterics in two polyps. The hexameral plan is departed from, the eyclic
character is irregular, and no directives occur,

The mesenterial development of Muvw/cina has been traced from polyps with only one oral
aperture to small colonies with four stomodweal systems (p. 503, ¢ seq.), and similar early stages
have been followed in Favia (p. 508, ¢f sey.). It is found that in stimple polyps with only one oral
aperture the hexameral eyelical character of the mesenteries is as regular as in any other
sexually-produced polyp. or in adult polyps where columnar budding predominates; two pairs
of directives also occur. 1t is only after fission has been established that irregularvities begin
to appear, and the hexameral plan is altogether tost.  The subject of polypal tission is fully
deseribed. and from the manner in which the process takes place it can be easily understood
how the above mesenterial irregularities come to he established.

It may therefore be taken as a general rule wmong corals reprodueing by fission, that whether
they give rise to distinet polyps. or form meandering systems, their mesenteries tend to lose the
hexanteral eyelical arrangentent characteristic of the earliest stages, and probably never more
than two primary pairs of directives are found in any colony, however large.  Where the fission
polyps ave distinet. a eyelical disposition continues to bhe more or less recognizabie, but where
complex meandering systems are fornied only a single order. including some developing pairs. can
be established.
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The results on the mesenterial arrangement in adult coral polyps may be thus summarized:
The mesenteries in gemmiferous genera are regularly hexamerous, arranged in one. two. or
more alternating eveles, and two pairs of directives are present: fissiparous genera are devoid of
any hexameral mesenterial plan, are imperfectly multicyche or acyelie, and without direetives,
Only the members of the earlier eyeles become inserted on the stomodieum in the former, while
apparently any of the pairs may become complete in the latter,

DEVELOPMENT OF PROTOCNEMES.

From the time of the publication of the classic rescarches of Lacaze-Duthiers (1872-73)
onward, numerous embryological studies, upon both Actiniarian and Madveporarian polyps,
have demonstrated that the twelve primary mesenteries always arise in bilateral pairs, but in an
order whicll seems to vary somewhat in ditterent species.  The results of Lacaze-Duthiers were
obtained by observation ot the external appearances, apparently without confivination by means
of sections, while the latter has been the method more usually followed in later investigations.

In the Actinian larvie studied Dy him, Lacaze-Duthiers found that the first mesenterial pair
divided the eeelenterie cavity into two unequal compartments. known as dorsal and ventral.  The
second pair appeared in the larger or dorsal of the two chambers, cutting ofl' a middle ¢hamber:
then within the primary smaller or ventral chamber the third pair was developed.  According
to Lacaze-Duthiers, the fourth pair appeared bhetween the first and second pairs: but in most
subsequent researches. among which are those ot L. V. Wilson on the coval Jonicina areolata,
J. P. McMurrieh on the Actiman Rhoductis sancti-Thome, and G. von Koch on Curyophyllia
cyuthus, the fourth pair has been found to appear in the dorzal chamber beyvond the second pair,
and its members beecome the dorsal or sulcular directives,  The tifth and sixth pairs were found
to arise nearly simultaneousty within the middle and ventro-lateral chambers on each side.

According to the Hertwigs (18T9), the fifth and sixth mesenterial pairs avise in Adwmnsic
diaphana on opposite sides of the polyp hetween the first and second pairs.  This has also been
confirmed by Boveri (1839).  In the light of subsequent results, such a condition iust undoubt-
edly he looked upon as exceptional, having been met with in no other species. while the number
of forms in agreement with the relationships given above is continually increasing in the Acti-
niaria.and is the only sequence vet met with in the Madreporaria.  Appellof (1900), in connection
with his studies on the development of (ticina crassicornis and letinia cquina, discusses at
some length the conelusions of Lacaze-Duthiers and later writers with regard to the mesenterial
sequence of the primary cight mesenteries.  In contradistinetion to the successive development
which Lacaze-Duthiers describes for 1. eguina, Appellof found that the first eight mesenteries
appeared for the most part simultaneously, and doubts the possibility of the order of appearance
bemng determined by external observation alone without the assistance of sections.  Sonietimes
only the strongly developed ventro-lateral pair of mesenteries would be visible from the outside,
while transverse sections would demonstrate four pairs.  His vesults on {7¢/eina showed consid
erable variability in the mesenterial sequence.  Reviewing the statements of different Actinolog-
ical writers with regard to the appearance of the primary mesenteries. Appellof (p. 55) comes to
the conclusion: **Es ist wenigstens auf Basis des vorhandenen Materiales unmoglich eine
hestimmte Regel auszufinden.™

In comparizon with the variable results obtained in the Actinie the protocnemic sequence in
the Madreporavia appears to be very unitorm.

Two most complete series of stages in the development of the protoenemes of Madreporarian
polyps are already known, thanks to the labors of Prof. 1. V. Wilson and Prof. G. von Koch.
The former (1888) has traced their appearance in the West Indian coval, Wanicina areolata, from
the stage in the larva with but one pair of mesenteries to the young polyp with three eyeles ot
niesenteries. His results as to the tirst eyele eonform with those ot Lacaze-Duthiers on various
Actinian types, the second and fourth pairs heing transposed.

G, von Koch (1897) also deseribes and figures the ovder of developrent in (ryophyllia
cyatlius, from the stage with two pairs of mesenteries to the completion ot the first evele.  In
this species the order of appearance, subsequent development, and 1mion with the stomodeum
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of the six pairs are in perfeet agreement with Wilson's results.  The wrrangement on the com-
pletion of the six pairs represented in von Koel's fig. [ exactly corresponds with that of the
adult Weadrcpora and Dorites, that i, four.pairs are complete and two pairs incomplete.

My own results upon the tarvee of Weawdedna arcolat, so far as they go, conform with those
of Wilkon. Stages with from three to six pairs of mesenteries have been obtained. the last (Pl
NIN. fig. 135). exactly reproducing the conditions of Koch's ficure of Curyophyllin.  The
voung polyps of Hanicina remained for a week or two at the Zidwardsiu-stage, the first eyele of
septa arizing in the meantime.  (Sce also p. 503.)

The various stages secured in the course of the development of  Zeoda fragum serve to sup-
plement the results of Wilson and von Koch on the two corals mentioned (Pls. XIIT-XV, and
p- 508).  The carliest stage (fig. 112) is from non-extruded larvie obtained from a decalcified
colony. Three pairs of mesenteries are present, but only one of the pairs is vet complete, and
this divides the ecelenterie cavity into two unequal chambers.  In the larger or dorsal chamber
a second pair of mesenteries occurs, the members of whieh, although inconiplete, hear rudimen-
tary mesenterial filuments.  In the smaller ventral chamber the merest rudiments of another
mesenterial pair are also seen. The middle pair, as ix generally the case i Actiniarian and
Madreporarian larvie. extends almost the whole length of the eavity, the filaments heing strongly
developed all the way.  The dorsal pair terminates some distance in advance of thie aboral end,
while the ventral pair has a very restricted course. disappearing vertieally before the inner end
of the stomodaum ix reached. and centripetally never extending hevond the endodermal
layer. Clearly, from the proportional extent of their development. both radially and vertically,
the mesenteries have not appeared simultaneously. but represent the first. seeond. and third
bilateral pairs in the sequence.

Sections of Fue/a larvee which had been extruded for six hours reveal the next stage (fig.
113).  Two pairs of mesenteries ave here united with the stomodwenm, and. by comparison with
the previous figure, the additional complete pairis evidently the dorsal—the second in the mesen-
terial sequence. The ventral pair is scavcely better developed than in the former polyp,
but in seetions immediately below the stomodwxum a new pair—the fourth-—has appeared at the
other extremity of the polyp. and dorsal to the sccond pair. A few sections below this are found
the rudiments of another pair. situated between the first and second pairs (fig. 114).  These rep-
resent the fifth pair in the mesenterial order and traverse only a few sections.  As yet there
are no indications of a corresponding pair hetween the first and third pairs.

Sections of another larva extruded at the same time present the conditions represented in
fig. 115. The first three paivs now extend as far as the stomodaeum, though the third pair ceasex
its conneetion in advanee of the others. The fourth pair is more strongly developed, and
rudiments of the fifth pair alo occur at the stomodweal level, but are stronger helow, where also
an additional pair—the sixth. zituated between first and third. is apparent (tig. 116). Ineipient
mesenterial filaments are present on the members of the third pair. while on the second pair they
are fully developed. but do not extend so far as on the first pair.

Finally, in larvee which had just settled. four mesenterial pairs have become complete,
and the tifth and sixth pairs are well developed in the upper part of the column, but remain free
from the stomodicum (fig. 103).  All the complete pairs are provided with mesenterial filaments.

The series presented thus demonstrates that in regard to their proportional growth. both
vertically and radially, the time of union with the stomodaewm, and the appearance of the
mesenterial filaments, a definite bilateral sequence is followed in the development of the
protoenemes.  The result is ax follows:

(«) The first pair becomes the dorsal moiety of the ventro-lateral pair of mesenteries on each
side of the adult polyp.

(%) The seeond pair becomes the dorsal moiety of the dorso-late al pairs of the adult polyp.

(¢) The third pair forms the ventral directives.

() The fourth pair constitutes the dorsal directives.

(/) The fifth pair becomes the ventral moiety of the dorso-lateral pair of mesenteries on each
side of the polyp.
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(.7') The sixth pair becomes the ventral moiety of the ventro-lateral pairs of mesenteries on
each side of the polyp.

Awong the many larvie sectionized very few irregularities have been net with.  Sonietinies
one menther of a pair will appear in advance of the other: in one larva only five complete mesen-
teries occurred, one member of the thivd pair having lagged behind. A young polyp settled for
some time still presented only three complete pairs along with three incomplete pairs.

Atthough none of the other larvie which have heen studied present so complete @ series as
F. fragum. vetall the evidenee from them goes to support the sequence just established.  They each
represent /ir/a at one or other of its developmental phases.  Newly-hatched larvee of Zsophyllic
dipsiece contain three pairs of mesenteries, the pairs ditfeving greatly in the extent of their
development (Pls, XVIELXVII).  The widdle pair again extends nearly the whole length of the
larva, and bears fikunents which are strongly developed. espectally at their lower extremity., Of
the two smaller pairs, one is very radimentary, while the other extends a short distance helow the
stomodweum.  The stage very closely corresponds with that in the earliest available larva of
F. ‘f'/‘tl_l/////t (ﬁg 112).

The non-extruded larvee of For/tes elurarin also reveal a phase with three pairs of mesente-
ries, while the mature polyps never get bevond the mesenterial stage with four pairs complete
and two pairs incomplete—a stage represented by 77 fragr at the time of fixation.

The lavvee of Adgaricia agaricites on extrusion already possess the six pairs of primary
mesenteries. all extending nearly the full length of the larva. but only the first four pairs are
united with the stoodenm (PL XXYV).  Below the stomodwal region all the twelve mesenteries
also bear well-developed mesenterial filaments. In this species, then. the stage reached hy
the larva on hatching is directly comparable with that in Zeeia fragum, Hanicina areolata, and
Cruryoplyllia cyathus at or about the time of fixation, as well as with the adult polyps of /rits
and Madrepora.

The earliest larvae of Niderastraw radians sectionized reveal eight mesenteries arranged in
four bilateral pairs.  The two lateral pairs, representing the first and second in the sequence. are
united with the stomodaeum, while the dorsal and ventral axial pairs, vepresenting the directives,
are free.  Of the two direetive pairs, the ventral pair (111) is slightly larger than the dorsal pair
(IV). and in larva a little older the former becomes united with the stomodam, while the latter
is still free.  In larvie of about this age the fifth and sixth pairs make their appearance, and the
dorsal direetives uniting with the stomodwwm the larva has reached the Zdicardsio-stage of
meszenterial development. At about this stage the larva undergoes fixation.  Kilmments do not
appear on any of the mesenteries wutil their connection with the stomodicum has been fully
established, but in most other species they arve fornied while the niesentery is still free.

The order of appearance and subsequent development of the primary twelve mesenteries,
within the sexually produced larvie and young polyps of the Madreporaria, thus appears to he
very uniform, for no exeeption to the zequence first established by Wilson and von Koch has yvet
ocenrred.  In the extent of its developnent, and also in its strong mesenterial filaments. the first
pair to arise usually assumes predominance, and vetains it untilt most of the other mesenteries
become fully established.  While the second and third pairs are scarcely apparent the fivst pair
may lave grown nearty the full length of the larva, each member tipped with the mesenterial
filantent all the way. The seeoud, third, and fourth pairs follow one another in regular sucees-
sion, uniting with the stomodwuni in the order of their appearance. '

I most Aetinological studies the fifth and sixth pairs are stated to arise stinultaneously. and
H. V. Wilson observes the same for Manicina.  Though such may often be the ease, instances
occur in which one pair appears in advance of the other, and where the same pair becones nnited
with the stomodawewm before the other.  Young polyps of a Segartia from Beaufort, for which
[ am indebted to Dr. C. Grave, all show in seetion that the bilateral pair hetween the fivst and
second Edwardsian pairs beconies inserted on the stomodaumn in advance of the pair between the
first and third Edwardsian pairs.  Anotlier such instance oceurs in the bud polyp of Cladocora
arbuscnla, represented in transverse section on Pl V111, fig. 60, The polyp was preserved in
a fully distended condition, the disk protruding in a cone-like manner above the zone of tentacles,
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Transverse scetions through the discal cone reveal tive pairs of complete mesenteries, without any
indications of others.  The musculature is yet too feebly developed to allow of the paired c¢harae-
ter of the mesenteries being established by this means atone, but the larger interspaces and the
examination of lower sections prove that the cunmmeration added is correct.  In addition to the
tour Edwardstan mesenteries, the bilateral paiv between the first and second pairs is complete,
while the pair between the first and third, to be seen in the sections below, is stilt incomplete.
I sections throngh the actual column wall, below the stomodwal vegion, the six pairs of protoc-
nemes are equal in radial length, and six alternating paivs of metacnemes ocenr, the sulear mem-
hers a little in advance of the sulcular.  In this instance the fifth pair is again complete before
the sixth, and the first eyele of metacnemes is established before all the protocnemes are united
with the stomodicum.  In the bud of LLstrang /v, represented on p. 460, fig. S, the fifth mesentery
on the right side is completed before the one on the left side.

In the seetion of the larva of Flria fragun, represented in fig. 114, the pair between the
first and second Edwardsian pairs is already represented on the larval wall, some distance below
the stomodeeum, by small mesogloeal enlargements, but no trace of any such enlargement yet
ocenrs hetween pairs I and IH. where the sixth pair will be sitnated (7. fig. 116).

I'ron: these examples there can be no doubt that thongh the fifth and sixth pairs may at times
appear simultancouslty, vet at other tinies an interval oecurs.  The pair of mesenteries between
the first and second protoenemic pairs is to be regarded as the fifth in the sequence, and the
pair between the first and third as the sixth or last in the development of the protocnemes.  The
enumeration of these two pairs in H. V. Wilson's figures of the mesenteries in an attaeched larva
of Manicina (PLV, fig. 39) should therefore he reversed.

In all the mstances vet referred to. the fifth and sixth mesenterial pairs remain free from the
stomodeun, and in numerous eases it has been fonnd that this condition is retained for a very
lengthened period.  In young polyps of N, radrans completion was not attained within the course
of four months, though the second eyele of mesenteries had appeared in the meantime.  Likewise
in the yvoung polyp of /0 fragum. with four pairs of metacnemes, they are still free (1. X1V,
fig. 104).  AH coral larvae appear to scttle at or about the Zidwardsia-stage. and the septa then
begin to make their appearanee.

No tmportant resting stage. in the appearance of the protocnemes, seems to be indicated in -
any of the investigations vet eondueted on the Madreporaria, though the comparatively strong
devetopment of the first pair mnst not be overlooked.  With this possible exception, the develop-
ment from the first to the sixth pair progresses with uninterrupted regulavity, and the same may
be said of the further growth of the first four pairs. as coneerns their union with the stomod=um,
but a prolonged intevval separates the further developnient of the fifth and sixth pairs.  Lacaze-
Duthicrs and others have endeavored to establish several resting stages in the appearance of the
six pairs of primary mesenteries of the Actiniaria, but the Madveporaria atford little support for
sueh.

The incompletion of the fifth and sixth protoenemic pairs is perinanent in eertain Zoantharia,
and therefore this condition can not necessarily he looked npon as a developmental resting stage
in the sense of Lacaze-Duthiers.  Wherever these paivs appear in the Aetintan family Edwardsidze,
they remain free from the stomodwum. and the same rvelationship holds for Gonactinia, ete.
Throughout the Zoanthew the tifth pair renuains incomplete, and the sixth pair becomes complete
only in macrotypic members of the group.  In the West Indian ciptasia annulata (Les.). 1 have
found the pairs to remain free for the most part. although the second, third, and fourth orders of
mesenteries were tully developed.  They remain permanently free in Madrepora and Lorites. even
when an increase heyond the nsual twelve tukes place.  Numerous other instances may be eited,
all tending to show that some significance attaches to the incompletion of the fifth and sixth
protoenemie pairs. as compared with the conpletion of the other four bilateral pairs. 1t is not
merely a lagging hehind in growth due to their later appearance.

My studies lead me to believe that the eavliest corals and Actinians were charactevized by
anisoenemic pairs (excepting the directives), as compared with the isocnemie pairs of later corals
and Actinians.  To-dayv. the former condition is retained in the Zoanthids. and in /%0/es and
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Madrepora, and as regards the protoenemes it persists for a long time in the growth ot all others.
The union with the stomodweum of the tifth and sixth protocnemic pairsis assumed after a time
by forms charaeterized by cycles ot isocnemic mesenteries: but they remain incomplete in Actin-
ians and corals (Zoanthids, /rites, Madrepora) charaeterized by anisocnemic pairs thronghout.
Perhaps an earlier phylogenetie stage is represented by the Cerianthids and Aleyonarians, in which
the incomplete moieties altogether tail to appear.

Mueh difference is apparent as regards the position at which the mesenteries first make their
appearance.  The first two or three pairs seem to arise in the angle between the stomodieal wall
and the outer wall of the larva, and then to grow in both direetions— that is, down the stomo-
dzeal wall and the larval body wall, the latter extension Deing the more rapid. This is very
elearly shown in the figure of the living larva of Zsoplyllia. and in the seetions through the oral
region (PL XVII).  While the members of the middle pair extend all the way down the
stomodweal wall, and nearly as far as the aboral pole of the larva, the two smaller pairs pass
scareely at all down the stomodaum, and only fora short distance along the larval wall.  The three
first mesenterial pairs in /¥ /e probably arise in the same ecircumoral position. hut the fourth
pair is first apparent on the larval wall a little below the stomodweum (Pls. XTIV, XYV), and the
fifth and sixth pairs arise still farther down.

Early bud polyps of Madrepora also illustrate the same relationship (P TII). Ilere the
four primary mesenterial pairs are seen in the angle between the outer wall of the bud and the
stontodwal wall.  They extend the whole length of the stomodaum. and for some distance along
the outer c¢aenosareal wall.  On the other hand, the rudiments of the fitth and sixth pairs are
first seen on the outer wall, some distance removed from the oral aperture.

Probably in most Actiniaria and Madyreporaria the fourth, fifth, and sixth protoenemie pairs
arise independently of the stomodeum, and some way from the oral pole.  When the appearance
of the tentacles has established the topographical regions of disk and column wall. the metacnemic
pairs are also found to arise somewhere on the latter. usually nearer the oral than the aboral
extremity. Only later do they grow upward, and then inwardly along the discal wall, and in
most cases ultimately reach the stomodaum and extend down it.

A niarked distinetion may thus be estublished in the place of origin of the different mesen-
terial pairs. the distance from the oral apertures varying with the relative age of the mesenteries;
the earliest pairs arise cireumorally, the later pairs are some distance removed. This further
supports the contention that the Anthozoa are not primitively cyelical forms, but sug
aneestry in whieh the organs appeared bilaterally, in an antero-posterior suceession.

Several early stages, obtained in the development of bud polyps. suggest that in the asexunal
method of increase there is the closest agreement in the order of appearanee of the mesenteries
with that above deseribed for the sexually produced polyps. The earliest stages have not been
secured, and the evidence is therefore not so complete as in the larve.  The youngest hud is one
of Cludocora arbuscula, in which eight protoenemes are already present. all united with the
stomodaewn,  Shortly below the stomodweum only four mesenteries remain. and bear mesenterial
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filaments: then two of these disappear. and the remaining couple are continued much farther. and
bear filanients almost to their termination.  The musculature at this stage is too weak to permit
of the actual arrangement in pairs being determmined by means ot it, but from the greater length
of one pair of mesenteries, and the stronger development of its fikunents, it may reasonably be
assumed that it represents the first pair of mesenteries, and that the order of disappearance of
the others indieates their successive origin,

In other buds of (Zudocora examined, all the protocnemes arve already developed. the
Edwardsian mesenteries complete, and the fifth and sixth pairs incomplete, just as in kuvie at or
about the time of tixation (PL VIII, fig. 61). Buds of Solenastraa have also been secured, in
which only four pairs of mesenteries are complete and bear mesenterial filaments, while the two
ineomplete pairs are without filaments. and disappear in advanee of the other mesenteries (Pls.
N1 and XII). The bud polyp of .lstrangia, whose mesenterial plan is represented on p. 460,
indicates a somewhat later stage,  In the very early bud of Wadrepora. already referred to. all
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the protocnemes are present, but their relative sizes are in conformity with those of the buds of
Cluddocora and Solenastreea, and may indicate a like sncecessive origin.

Summarizing, we find: (1) That the twelve protoenemes arise as six bilateral paivs in a defi-
nite sequence, which is probably the same throughout the Madreporaria. and conforms with that
characteristic of most Actiniaria.  (2) The first two or three pairs arise at the angle hetween the
stomodeum and the larval wall, while the tater mesenteries first appear on the colunm wall, some
diztance from the oral aperture.  (3) Two pairs of divectives ave always present, formed from
the third and fourth pairs of the mesenterial sequeunce.  (4) The first four pairs unite with the
stomodweum in the order of their appearance (/Zilwardsia-stage), and a long interval elapses
hefore the fifth and sixth pairs become complete; the fifth pair may develop somewhat in advance
of the sixth patr.  In some cases the fifth and sixth pairs are permanently incomplete.  (5) The
development of the protocnemes in asexually produced buds is in close agreement with that of
sexually produced polyps.

FIRST CYCLE OF METACNEMES.

While much attention has been given to the order of appearance of the six pairs of protoc-
nemes in the Madreporaria and Actiniaria, comparatively few observations have heen recorded
with regard to the order of development of the pairs of metacnemes. For the Madreporaria,
the establishment of the latter becomes a matter of great importance, seeing that upon it is
dependent the order of appearance of the septa, a question already much discussed by students
of the hard pavt of corals, but with varying results.

The transition from the protocnemic to the metacnemic stage of Anthozoan developient is
one of the greatest morphological significance.  Lacaze-Duthiers (1872) was the fivst to realize
this in the Aectiniwe, and in his résumé of the development ofdetinia equina (p. 362) he writes:

 Le nombre, la grandeur, la position et la symmetrie des parties ne sont pas determines par
les memes lois a toutes les epogues.  Ainsi la loi qui préside d la multiplication des parties depuis
lorigine jusqu’ au nombre douze. n'est pas ln méme que celle qui régit la multiplication apreés
que ce chitfre est atteint.™

As regards sexually produced coral polyps. no previous accounts of the actual order of appear-
ance followed by the metacnemes are available.  The embryological observations of Lacaze-
Duthiers. vou Koch, and Wilson, so far as concerns the polyps themselves, practically cease with
the protocnemic stage.  Wilson describes the mesenterial condition in young polyps of Municina,
but gives no account ot the sequence according to whieh the stages have been reached.

I have been fortunate in rearing young polyps of Siderastraa radians as far as the
completion of the first cyele of metacnemes, and the various stages in the appearance of the
latter have heen obtained.  Full details will he published later, but the diagrammatie figs. 6 (@—c)
indicate the actual results.  The polyps at fixation contained only the six pairs of protocnemes,
as usual, four pais complete and two pairs incomplete. The fact that the protocnemes retain
thi~ proportional development enables the dovsal and ventral, or suleular and sulear aspects, to be
determined.  The polyps remained thus for ubout a month, the first and second cycles of tentacles
appearing in the meantime; then. in the largest specintens. a mesenterial pair was observed
within the dorsal exoewle on each side, situated toward the aboral region of the column. A few
days afterwards, a similar mesenterial pair appeared within each of the middle exocceles, the
dorsal pairs at the same time extending higher up the column.  Later. @ mesenterial pair was
formed within each of the ventral exoceeles; so that six new isocnemic pairs were now present,
diminishing in vertical and radial length from the dorsal to the ventral side of the polyp.
according to their order of appearance. The fifth and sixth protocnemic pairs remained
incomplete throughout.

The ~ix unilateral pairs of mesenteries, of three different sizes, continued their growth par:
passu with that of the polyps us a whole. and when the latter were about three months old became
nearly equal in size. constituting a distinet second eyele.  In time, the mesenteries, growing both
upward and downward, extended the full length of the column and partly across the disk, hut in
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no instance did they stretch wholly across. and become united with the stomodieum.  Subsequent
examination, by means of sections, showed that in cach pair the retractor mnscles were disposed
on the faces turned toward each other, thus resembling the unilateral pairs of the first eyele,
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Fi1G, 6.
Siderastraa radia

Three diagrammatic figures illnstrating the order of appearance of the first cyele of metacnemes in larval polyps
Fhe Roman numerals I are opposite the protocnemie pairs, and the letters A-C indicate the suecession of the metacnemes.

While the actual mode of appearance of the mesenteries could be thus followed step by step in
Niderastraa, young polyps of Furiu fragum were obtained with the mesenterial conditions shown
on pp. 508, 510, and from these certain conelusions ave warranted.  Four pairs of sccond-cycle mes-
enteries ave present in fig. 150, inaddition to the six pairs of protocnemes.  Of the four metacnemic
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pairs, the two larger ave situated within the dorsal or sulenlar exocwle on each side of the polyp.
and the two smaller pairs are within the middle exocwele on each side (see also, PL. X1V, fig. 104).

In addition to these two instances. o mmmber of carly mesenterial stages have heen secured
from young huds, and theve is little doubt that the process of metaenemie development in these is
exactly the same as that followed hy polyps with direct larval predecessors.

Iie, 86, on Pl XTL represents a transverse seetion through the stomodweal region of an
expanded bud of Solenastraa.  The protocnemes ave in the Zidwardsiu-stage of development.
and within each of the dorsal or snlenlar exocwles a pair of metacnentes has appeared.  Sections
of the same bud, taken a little below the inner termination of the stomodwuwin, reveal, in addition,
a rudinmtentary pair of metacnemes within the middle exocwele on the right side. thongh no trace
of new mesenteries appears in the left middle exocwle: the suleular pairs are also much further
developed than in the upper region, and are much larger than the single middle pair (fig. 87).

The stomod:eal region of another hud of Solewwstraa, somewhat younger than the former, 1s
represented on PL X1, fig. 82, Of the protocnemes. fonr pairs again are complete and two
pairs incomplete.  In this instance the first two pairs of metacnemes are very rudimentary, and
appear within the middle lateral exoceles, not as hefore, within the snlenlar exocawles.  The new
pairs arve =lightly better developed in sections somewhat lower. but no dorsal or ventral pairs were
encountered.

In later buds of Nolenastraa six pairs of metacnemes occur, a pair within each of the primary
exoceeles, and these exhibit a developmental succession from the sulcular (dorsal. axial) aspeet to
the sulear (ventral, abaxial).  In older buds all the pairs are equal in size. forming a regnlar
hexameral second ceyvele. and this is the adnlt condition of most of the polyps in a colony (fig. S1).

The diagranmmatic representation of the mesenteries of a voung polyp of .Astrangia solitaria
on p. 460, also indicates a like dorso-ventral succession for the second order of mesenteries in
thix species.

Bnds of ('ludocora arbusculc veveal somewhat similar conditions in the appearance of the
metacnemes (p. 458).  Fig. 61, on Pl VIIL, represents a transverse seetion tlnrough a bud in
which two pairs of mesenteries are present. in addition to the six pairs of protoenemes; of the
latter only the Edwardsian mesenteries are complete and bear mesenterial filaments.  The two
pairs of metacnemes (AL A) are very rudimentury, and extend but a short distance down the
coluinn wall. and are devoid of mesenterial filaments. The proportional development of the
protoenemes enables the dorsal and ventral aspects of the polyps to be determined. and serves
to indicate that in (ladocora the first metacnemes appear within the ventral or sulcar exoecceles,
as compared with their dorsal or sulcular ovigin in Solenastraa (PLX11).  Comparing tig. 87 with
fig. 61, the sulear aspect in hoth genera is scen to he the outer or abaxial with regard to the vest
of the colony, while the sulenlar is the inner or axial: therefore, in the two species the metacnemie
suceession proceeds from opposite aspects,

PLVIIIL fig. 62, represents a transverse section through a somewhat older hnd of Cladocora.
The specimen is exceptional in that the dorso-lateval pair of protoenemes is missing trom the
left side, so that the polyp is pentamerous.  Five alternating pairs of metacnemes also are
present, and their interest in the present connection hies in the fact that they show a marlked
gradation in the extent of their development, in passing from the onter to the immer aspect.
Mesenterial filunents oceur on the pairs in the sulco-lateral exocwles, and the longitudinal
muscular fibers are also determinable.  This Intter character is apparent on the metacnenies in
the middle lateral exocweles, but no trace of mesenterial filaments ocenrs. The single pair in the
stleulo-lateral exoceele is very rudimentary.  The proportional development indicates the same
relationship as fig. 61, namely, that the metacnemic sequence is from the abaxial to the axial
horder of the polyp. At a little later stage the polyps of ("ladocora consist ot six protocnemic
pairs, all the members complete. and of six alternating metacnemic paivs, all incomplete and
equally developed.  Many polyps in a colony are found in this condition.

The manner of appearance of the first eyvele of metacnemes in asexually produced coral
polyps is thus in closest agreement with that in larval polyps.  In both cases they arise as

T

isocnemice pairs within the six primary exoceles, and in bilateral order from one aspect of
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the polyp to the other. the aspect varying. however, in ditferent species. In Siderastraea,
Nolenastraca, Furia, and Astrang/a the suceession is from the dorsal to the ventral side, in huds
of ('ladocora from the ventral to the dorsal. The exceptional succession in the latter may be
in some way dependent upon the more rapid growth which takes place on the abaxial side of
the buds. as compared with the axial.  Before it can be regarded as actually characteristic
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Frs., 7.
Cladocora arbusenla.—Four diagrammatie figures illustrating the order of appearance of the mesenteries in bud polyps (¢f. Pls. VI-VIII).
n b the lower bilateral pair marked V, V, should have been lettered VI, VI.)

of the species, it will be necessary to follow the sequence in polyps reared directly from larvie,
as in the case of Niderastrea.  Until such is carried ont, it may be taken as a general rule that
the developient of the second order of esenteries is from the dorsal to the ventral aspect
of the polyp: that is, from the anterior to the posterior border.
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A wide distinetion in their manner of appearance thns separates the meubers of the second
order of mesenteries from those of the first order.  The primary mesenteries appear in bilateral
padrse ina suecession which is first toward one aspeet and then toward the other aspeet of
the polyp. and so on,and only later do they constitute unilateral pairs, in which the musculatare
1= on the faces turned toward each other.  With the exeeption of the directive pairs, the two
menmbers of each unilateral pair arise at ditlerent times, the dorso-lateral pairs being constitnted
of mesenteries 11 and V,and the ventro-lateral pairs of mesenteries Iand V1, in the protocnemic
sequence: and fora long period the ateral pairs ave anisoenemic.  The secondary mesenteries also
arise in a bilateral manner. but ave in willateral (isocneniée) pairs frouw the beginning, and in any
polyp they are formed in only one succession, from the dorsal to the ventral aspect, alternating
with the primary pairs, and sitnated within the primary exoceles.  In mature polyps the secondary
mesenteries are all equal, exeept perhaps in their vertical extent. and are arranged aromnd the
polypal wall with perfect hexameral radial symmetry, all traces of their bilateral snecession
heing lost,

Where coral polyps attain considerable size. as in Oebicellu carcrnosae and  Phyllangia
americana, the members of the second order of mesenteries often become nnited with the
stontodzeum.  In doing so they follow the same antero-posterior succession as that characteristic
of their order of appearance in the young polyp (see fig. 94, p. 464).

NSECOND CYCLE OF METACNEMES.

The order of appearance of the second cyele ot metacnemes. or third order of mesenteries,
may now he considered. These, when complete, consist of twelve equal pairs, a pair within
sach of the exoceles between the protoenemes and the first-cyvele metacnemes,  The succession
has not been followed upon any coral polyp reared directly from the larva, but suflicient evidence
is forthcoming from the asexunally produced polyps of several species to indicate in a general
way the manner in which it s carried out.

Mature polyps of Cladocora arbuscula and st rangia sol itaria usually contain a certain num-
ber of second-order metacnemes, but apparently never the full complement of twelve pairs. It
is therefore possible to obtain from these certain intermediate stages in the establishment of the
evele.  PL VI fig. 44, represents a section throngh the stomod:eal yegion of a polyp of Cladocora
with sixteen pairs of mesenteries.  Of these the xix complete pairs are protocnemes, the six alter-
nating pairs are first-cycle metacnemes, and the fomr pairs remaining are the only representa-
tives of the second-cvele metacnemes.  The latter are but feebly developed. and without
mesenterial filaments.  The fact of greatest importance. in connection with the four new pairs
of mesenteries, is their restriction to only one exoceele within each of the six primary systems;
they are not developed in both the exoceeles within the two ventral systems. as considerations of
symmetry wonld suggest. It will be also observed that in each case they ocenr within the
exoceele on the dorsal aspect of the second-order mesenteries (¢f, p. 458).

The polyps of Cludocora arbuscula very ravely pass beyond the stage with sixteen mesen-
teries. which corresponds externally with thirty-two tentacles.  For the further wesenterial
sequence therefore other species will he employed.

All the members of an isolated ¢roup of eight separate polyps of Astrangia solitaric were
deenlcified and sectionized, and the stage reached in the mesenterial development of cach is
diagramnatically represented in fies. 8 (v—¢).  Camera lucida drawings of a transverse section
trom two different individnals are also given on Pls. V and VI, figs. 43, 47. The seven
diagrammatic figures reveal that no two polyps in the group were alike in their mesenterial
avrangement, <o that the series may be taken ax atfording a fairly complete representation of
the order of mesenterial development generally followed in this species,

Fig. S« is taken from thes smallest of the polyps.  In thix instance three members of the
protocnentes ure still incomplete, and only fomr pairs of metacnemes have vet appeared. situated
within the dorsal and the middle primary éxocwles.  The sequence of the first-cyele metaenemes
i evidently similar to that of the polyps of Niderastraa above described (p. 456).  In the next
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largest polyp (fig. 84) the first two cyeles of mesenteries are fully established. a pair of metacnemes
having appeared within each of the six primary exoceeles,

I
Ir I

I

F1G. 8a.

Astrangia solitario.—Fig. 8. Series of diagrammatic figures (a-g) illustrating the order of appearance of the mesenteries of the first and
second cycles of metacnemes. a, Four isoenemic pairs of the first ¢yele of metacnemes are present (11), while three of the protocnemes
are not yet united with the stomodaeum.

L
I

I
FiG. 8b,

¢ solitaria.~—The protoenemes are all eomplete, and the six pairs of first-cycle metacuemes have all appeared.

Fig. sepresents the first appearance of the third-cyele mesenteries or second-cyele metacnenes.
which are to be especially studied. A new pair of mesenteries has appeared within the exoceele
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on each side of the dorsal directives and the pair of dorsal second-cvele mesenteries, and a similar
pair within the lett middle system HI.

Fi16. Se.
Astrangia solitaria.—Three pairs of second-cycle metacnemes (I11) have arisen toward the dorsal aspect of the polyp.

F1a. &d.
Astrangia solitaria.—Two additional pairs of second-eycle metacnemes have appeared; ag yet onty a single pair of second-cycle metaenemes
is contained within each primary exoccele.

In tig. 8¢ two additional pairs occur. one in the right middle systemr. and one in the left
ventral system. Two other polyps scctionized from another colony exactly correspond with
tig. S,

Vol. S—No. 7—5
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The polyp from which fig. S¢ was taken contuns a like number of mesenteries, but the right

-

middie system includes only one pair of mesenteries, while the right ventral has two.

I

FiaG. 8.

{strangia solitaria.—The development of the mesenteries within the ventral exoecelic chambers is exceptional in that it isin
advance of that in the right middle exoceele (¢f, fig. 47, PL, VI),

In fig. 87, from another polyp, a third-cycle pair occurs in each of the six primary systems.

hid I
L

Fi:, 8f.

Ast iw solitaria,—.\ pair of second-cycle metacnemes now oceurs within each primary exoccele.
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So far the series serves to demonstrate the important fact, first snggested by ladocora,
that in the establishment of the third order of mesenteries only a single pair first arises within
cach of the six primary systems, not two pairs-one in the exocwele on caclt side of the sccond-
eyvele pair —uas might ave been expected.  Further, the pairs do not appear simultancously, any
more than do the members of the first and sceond eyveles.  They present evidence of a general,
though not rigid. successton from one horder of the polyp to the other.  What this aspect is,
whether dorsal or ventral, can not he determined in polyps at this late stage, seeing that the
protocnemes are all complete.  In isolated polyps apparently no means is available for sucl an
important determination: the relative sizes and vertienl extent of the second-cycle mesenteries
are of no assistance.  The latter are now practically of the same size. and any variation they
may present is of very uncertain vitlue. However, as in most species the succession of the second-
eyele mesenteries is found to be from the dorsal to the ventral aspeet, I have disposed the figures
in sneh a way that they indicate a like succession for the first six mewmbers of the third eyele.

I L 1L

T

FiG. 8¢g.

Astrangia solitaria.—An additional pair of tertiary mesenteries has appeared within the right middle exoccele (¢f, fig. 43, PL V).

In some instances (fig. 8¢) the growth is more rapid on one side than on the other, and in fig. S¢
the right middle pair has lageed behind.  In L. solitaria. at any rate, a certain amount of
individoality in growth is exhibited by eacli sextant, and mesenteries may appear in one irrespective
of the condition in other divisions.

Clearly. in order to complete the third eyele of mesenteries according to the hexameral plan,
a second pair of mesenteries must now arise in cach of the six primary <ystems, and within the
exocwele on the ventral aspect of cach of the second-cycle mesenteries.

Snch has already taken place in fig. Sy in connection with the right middie system. bnt a
lagging behind oceurs in the left ventral system, as only a single mesenterial pairis yet developed.

Polyps of Astrangiu solitaria vavely exhibit more than seven or eight third-cycle niesenteries;
no specimen with the foll twelve pairs has been met with. The further stages necessary to
complete the third order may, however, be obtained from the larger polyps of the closely allied
1’//]///:‘//((/;(/ americdnd.,
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Fig. 9% represents a transverse section througlt a polyp of 2% wuericana, in which ten pairs
of mesenteries are complete: six pairs represent the protoenemes. while the other four pairs
helong to the second order.  The remaining two pairs of secondaries arve still incomplete.  The
full complement of twelve tertiary pairs is present, except for one pair in the dorsal exocele of
the two ventral prinary systems.  Here. as before. it will he nnderstood that the dorsal and
ventral aspects were not actually determinable.

Fig. 0/, from a still laveer polyp of Zyllangiio, reveals twelve pairs of complete mesenteries
belonging to the first and second orders, and twelve alternating pairs of incomplete mesenteries
representing the third order. At the dorsal extremity a few pairs of mesenteries of the fourth
order have also appeaved.  Polyps of Fhyllangic ravely contain more than thiz number of
mesenteries, so that it has not heen possible to follow the method of growth of the fourth
order. Al that can be asserted from tig. 9/ is that the mesenteries of the fourth order begin to

-

F1G. .

Phyllangia americana.—Order of appearance of the metacnemes continued. Other pairs of second-cycle metacnemes (I1T) are present, and
four pairs of the first-cycle metacnemes (11) are now united with the stomodivum. The suceession of growth is from the dorsal to the
ventral aspect.

make their appearance at one extremity of the polyp, which is probably the sume as that at which
the members of the second and third orders first arise.

The seetions of the polyps of Firiu fragum vepresented on page 510, and of Huwicina areoluta
on page 504, reveal that in these species the order of appearance of the thivd-cycle mesenteries
follows a succession closely comparable with that in Cladocora, Astrangia, and Phyllungia.

The ovder in which the twelve pairs of tertiary mesenteries are developed may be thus
summarized:

The members of the third order of mesenteries arise in successive isocnemnc pairs. after
the establishment of the secondary mesenteries, within the exocelic chambers between the
puairs of the first and second orders of mesenteries.  In a genceral way. fwo stages of growth ave
distinguishable: First. a single pair arises within each of the six primary systems. that is, within
only one of the two exoceeles, the suecession being from one aspect of the polyp to the
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other; sccond. another pairappears within cach of the remaining exoceelie chambers, the diflerent
menibers of the series of six pairs following the same suceession as the first series of six pairs.
The rvegnlarity is by no means strictly adhered to: growth in one sextant of the polyp may
be in advance of growth in another, independently of the general dorso-ventral suceession.
Part or all of the twelve pairs necessary to complete the order may be charaeteristic of any
species,  Ultimately all the tertiary pairs attain the same radial extent, which is less than that
of the secondaries.

APPEARANCE OF MESENTERIES IN POLYPS REPRODUCING BY FISSION.

All the examples referred to above, us attaining a eychieal disposition of the mesenteries in
the adnlt polyp. are species reproducing asexually by gemmation. A perfeet regularity, as regards
the radial length of the mesenteries of the ditlerent eyeles, obtains in these, exactly as in sexually
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FIG. 9.

Phyllangia americana.—All the secondary mesenteries are now united with the stomodeum, and along with the members of the first order
(protocnemes) constitute the first eyele of mesenteries.  Four pairs of third-cycle metacnemes (fourth-order mesenteries, 1V) have
uppeared on the dorsal side. :

produced polyps.  The organs do not continue their growth indefinitely until reaching the
stommodwenm: only the members of the first ovder of six pairs, or, in lavger polyps. those of
the second order also, become mnited with the stomodweum.  The remaining orders extend for
definite radial distances from the body wall, uniform for the members of auy one evele. and in
the main characteristic of the species. The adult arrangement has been shown to he otherwise
with species in which asexual reprodinction by oral fission prevails: and this whether the new
polyps beeome distinet. each with its own tentacnlir systen, or whetlier they remain incompletely
separated. and give rise to meandering tentacular and discal systems (p. 448).

In describing the mesenterial arrangement in the geneva Meandrina and Colpoplylliv
(p. H49). it was found that the mesenteries at most are divisible into only complete and incomplete
pairs. but that the alternation is by no means constant.  Sometimes several complete pairs are
found without any intervening incomplete paivs. while, when the latter do occur, they are very
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variable in the extent of their development.  One pair may extend nearly as far as the stomodzein:.
while another may be merely incipient; further, the complete or incomplete pairs belonging to
opposite sides bear no bilateral relation to one another.

In these genera. theretfore, the mesenteries manifestly arise in single exoceelic pairs at almost
any region of the colony, though more freely in the regions of forward growth. The new
pairs. however, do not continue as a separate incomplete eyele, but hecome larger and larger, and
ultimately come into union with the stomodwemmn, while other new pairs appe:r in the meantime,

Stmilar velationships of the mesenteries are also deseribed for Lsophyllia, Favia, Aguaricia,
and others. In transverse sections mesenteries of all sizes are found. representing different
stages of growth, bat without any regular alternation of small and large pairs; the Roman
nunierals only approximately indicate any ordinal relationships of the pairs. Here again. one can
only assume that the different pairs arise for the most part independently of any evelic plan, and
that cach pair continues to inerease in size, and may nltimately become complete.  If the polyp
be in an actively growing eondition. fission will again step in, the mesenteries which before
were incomplete now become complete, and new pairs continue to arise in the daughter polyps
in the same irvegular fashion. '

When the very regular evelic arrangement of young polyps of Manicina arenlata is com-
pared with that after fission is well established (p. 503, ¢ seq.), it is scen that the order of appear-
anee of the mesenteries is beeoming tundumentally altered. 1t is manifest that single pairs arise
at any point. and grow independently of the others already present. so that in different primary
exoceles they may be one. two, three, or even four incomplete pairs.

It muy therefore he acceepted as a general vule. that in genera reproducing by fission, the
mesenteries are not developed according to any regular evelical sequence, once fission has become
estublished: but they arise as isolated exoceelic pairs. in regions of most forward growth, and
cach and all the pairs may nltimately hecome complete.  This is more fully illustrated under
fission in Manicina and Fiuvia (p. 502, et seq).

INCREASRE OF MESENTERIER IN PORITES.

As already mentioned, the tentacles and mesenteries in the genus /Z2tes are alwavs twelve
in number, and larval in the extent of their development, the Edwardsian mesenteries alone heing
complete.  Very exeeptionally polyps are met with in which these organs may be inereased to
fourteen, sixteen. or even twenty-four, the polyps maintaining a cireular form, like that of the
ordinary polyp. only larger.  Similar numerical incereases are likewise occasionally found in the
septa of individual corallites. A study of transverse scetions of these larger polyps reveals that
the increase in the number of mesenteries proeceds in a manner different from any vet deseribed
in the Madreporaria.  The diagrammatie figures 10 and 11, and the eamera drawings on PL V
(figs. 41, 42). will =erve to explain the various sequences followed.

In fig. 41.and 10+, is represented a transverse ~cection through the stomodzeal region of a polyp
in which fourteen mesenteries are present. that is. two bevond the usual number.  The twelve
primary mesenteries arve casily determinable from the arrangement of the retractor mnseles, and
retain theiv original condition. that ix. fowr pairs (I-1V) are complete and two pairs (V, VI) are
incomplete.  Within the sulear or ventral entocewele, however, another complete pair (A, A) has
been added, and the sulear dirvectives are pushed further apart. The retractor muscles on the
newly added pair are on the fuces of the mesenteries turned toward each other. <o that each forms
with the adjacent directive mesentery a unilateral pair, in which the retraetor museles are on the
nmesenterial faces turned from one another as in direetives proper.

The next stace (fie. 104) obtained isx one in which eighteen mesenteries oceur: fourteen are in
the same condition as in the previous polyp. and the four additional members are situated within
the entoceele of the seventh pair.  The bilateral pair. B. B, is very rudimeatary at this level, but
becomes proportionally better developed a short distance helow the stomodweal region: each
member forms with the adjacent moiety of pair €. (' a unilateral. anisocnemic pair. in which the
retractor muscles are vis-a-vis. A similar stage s vepresented in the next figure (fig. 10¢),
except that an unpaired complete mesentery i~ added within the entocwele of the last bilateral
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pair C. . 1n the polyp from which tig. 104 was taken a pair of complete mesenteries occurs,
in plice of the unpaived memberv of the previous polyp.  Below the stomodieal region, the mem-
bers of pair D, D are found to belong to the smaller series, corresponding in size with pair B, B.

e

A A

F16. 10a.

Porites.—Fig. 10. Increase of mesenteries beyond the protoenemie stage, as exhibited by various polyps. The «ix pairs numbered I-VI and
represented by thicker lines are the protoenemes. «, An additional bilateral complete pair (A, A) oceurs within the exoceele of the
ventral pair of directives.

All the additions thus far ave within the entoceele of the ventral pair of directives, but in
fie. 11 the new mesenteries are disposed within the entocwle of the dorsal dirvectives. In 1la,

v 1V

B B ‘

Cc C

Fi;. 10b,

Porites,.—Two further bilateral pairs have been added: one (B, B) incomplete, and another (€, €y complete. Mesenteries III, A, on each,
side form unilateral isocnemie pairs, in which the retractor museles are on the faces of the mesenteries turned away from each other,
as in directives; mesenteries B, C, on each side constitute unilateral anisocnemic pairs

three hilateral pairs are represented. all the members of which are attached to the stomodaum.
The retractor muscles are =o disposed that. as in the previous instances, the members of the first
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new pair form with the adjacent members of the primary directives an isocnemie pair of direetives
on each side, and the moieties of the next two bilateral pairs form a pair on each side, in which
the museles are turned toward each other.

Fis. 10c.

Porites.—A single additional mesentery (D) has appeared without a corresponding member to form a pair.

Fig. 114 is the diagrammatic representation of fig. 42, PL V., which is taken from a seetion of an
enlareed polyp of FPorites.  The ficure of the section will give some idea of the difliculties involved
ged polyy g g

in unraveling the relationships of the various mesenteries to one another. It is only by deter-

16, 10d.

s.—Four additional bilateral pairs are present. The pair D, D is united with the stomodamm, bnt below this region is shorter than

pair (¢, €, showing that it belongs to the microenemie series.
wining the fuces of the mesenteries bearing the retractor muscles, and the proportional sizes of
the mesenteries, that the primary and the later mesenteries can be established in their relations

to one another.  Comparing fig. 114 with fig. 42, it is scen how the pairs in the actual section
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correspond one by one with those in the diagranmatic plan, It is turther manifest that no other
arrangement of the pairs than that offered would represent the primary mesenteries with the
characteristies they present in ordinary polyps.  In the region here tigured, the dorsat directives

C C

Fis. 1la.

Porites.—Fig. 11. Increase of mesenteries continued. All the additions occur within the dorsal directive entoccele. a, Three new pairs
(A. €) aceur, all of which are united within the stomod@um.

helong to the smaller series of mesenteries as well as the new bilateral pair next to them, and as
in the previous figure the adjacent moieties of each pair constitute a pair of directives. The

CD DC

il o UIC

F1G. 11b.

Porites,—Section of another polyp, below the stomodial region, Mesenteries 1V, A, on each side constitute microdirectives, and B, (' are
anisocnemic pairs (ef. PV, fig, 42

next two mesenteries on each side form a unilateral pair in which the ventral moiety is large and

the dorsal small,
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Fig. 11¢is from a transverse section through the stomod:eal region of a polyp in whiech twenty-
four mesenteries are present, wrranged in twelve bilateral pairs.  The primary dorsal directives
(EV, IV) are incomplete at this level, as often happens in ordinary polyps. The unilateral paired
arrangement of the six new pairs of nesenteries, as regards the complete and ineomplete moieties,
is exactly the reverse of that of the primary mesenteries. In the foruwer, the ineomplete
members have their musculature on taces directed ventralwards, while in the latter it is toward
the dorsal aspect. Four isocnemie pairs oceur in which the retractor muscles are on the faees
turned away from one another (direetives). and eight anisocnemie pairs in which the musculature
is on the faces turned toward cach other.

Of the many living polyps examined. none showed a stage hevond that represented in fig. 11c.
In one or two instanees where twenty-four mesenteries ocenrred, the stomodzum was found
to have undergone fission in the dorso-ventral or directive plane, and with each stomodwal tube
were associated six pairs of nesenteries, arranged exactly as in ordinary polyp.  Of the six pairs
in ecaeh fission polyp. three belong to the primary series of mesenteries, and three to the later
formed pairs (p. 514). :

E F¢ IR E

Fia. 1le.
Poritr~.—Six new mesenterial pairs have appeared, equaling in number and corresponding in arrangement, only in reverse order, with the
protocnemes,

The results may be summarized as tollows:

1. In [orites new mesenteries heyond the primary six pairs are added at only one vegion,
which is within either the dorsal or the ventral directive entoceele.

2. The additional mesenteries appear suceessively in complete or incomplete bilateral pairs.
the latest fornied arising within the entocwle of the previously formed pair.  Sometimes the
moicty of a pair on one side may arise a little in advance of the moicty on the other side.

3. The longitudinal museles on the mesenteries are so arranged that the members of the
hrst additional pair constitute with the sulear or suleular directives, as the case may be, two
isocnemice pairs. in which the musculature is on the faces turned away from one another. In the
succeeding bilateral pairs. the museulature is alternately on opposite faces, so that the eighth
aud ninth bilateral pairs on each side form a unilateral pair in which the muscular faces are
turned toward ecach other, and likewise the tenth und eleventh pairs. On the twelfth bilateral
pair the retractor museles are on opposite faces, as in directives proper.

+. Below the stomodeeal region hoth the primary and additional pairs consist of alternately

.
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longer and shorter mesenteries (anisocnemic), with the exception of the divectives, which, whether
lateral or axial, consist of equal inoieties (ixoenemie).

5. When the number of imesenteries in a polyp reaches twelve pairs, stomodweal fission may
take place, in snch a manner that six primary and six new mesenteries are associated with each
stomodaeun.

A great distinction is thus established hetween the manner of appearance of the metacnemes
in /opites and that in other coral polyps.  In the former, the additions are shown to take place in
bilateral pairs at only one region, and within aun entocwle, while in the latter it has been shown
that the additions are made in unilateral pairs all round the polyps, within the six primary
exocwelic chambers,  In /Z%orites, the unilateral pairs consist of a larger and a smaller moiety
(anisoenemic), without the formation of hexameral cyeles, while in other Madreporaria the
members of a pair ave alike in size throughout (isoenemic), and in the end the ditferent pairs
constitute cyeles.

Later resnlts suggest that the additions in Z2or/fes are to be regarded as stages in the process
of fissiparous gemmation. (See foot-note, p. 406.)

INCREASE OF MESENTERIES IN MADREPORA.

In a recently published paper.© 1 have fully deseribed the peculiar manner in whieh the
inerease of mesenteries heyond the protocnemic stage takes place in Madrepora.  The process
ix again allnded to on p. 515, in eonnection with fission in Mudrepora, and is illustrated by three
dingrannnatic figures (fig. 187-¢).  Fnndamentally, the increase takes place in the same manner
as in Porites, that is, by bilateral pairs, which are disposed within the direetive axial entoewle.
But in any one polyp ot Madrepora additions are made at both extremities. whereas, in [urites,
they are restrieted in any one polyp to ecither the dorsal or the ventral diveetive entoceele.
SIX new pairs seem to rise simultancously in Moudropora, as agninst the sueeessive order in
Lorites; for some time one or two of the paivs may be united with the two stomodweal tubes.
withont any connection with the column wall.

MESENTERIAL FILAMENTS.

The edges of all the complete mesenteries, after ceasing their conneetion with the
stomodeeum, are provided with the Anthozoan structuves known as mesenterial or gastrie
filaments, and likewise the free edge of most of the other mesenteries, which at no time extend
transversely so as to reach the stomodwum. In dissected polyps the filaments appear as
dense, white, thread-like organs, counected with the mesenteries, usunally straicht and verticully
deseending in the upper region, but greatly convoluted below. In the living condition. they are
frequently extruded through the mouth and polypal wall, as white coiled threads, along with the
portion of the mesentery to which they are attached. They are generally strongly murked oft
from the rest of the tissnes in microscopic preparations, on aceount of the brightly-staining
character of their ecllular constituents.

On the incomplete mesentevies, the filuments. as a rule, commence a short distance from the
uppermost region of the polyp. and terminate helow somewhat in advance of the mesentery:
oceasionally they are absent from the kist cyvele of mesenteries, or remain ineipient. On
the other hand. the filaments are horne by the complete mesenteries only after ceaxing their
conneetion with the stomodwum. At first they wre straight, but soon become greatly
convolnted. on =ome mesenteries more than on others.

Structurally. the filaments display the same essential characters in all the species examined,
and are simpler than the corresponding organs in the majority of Actiniaria.  Throughout the
Madreporaria. so far asx yet known, the actual filament consists of only a single median lobe, in
contrast with the trilobed condition of most Actinian filaments,  In transverse scetions the
organs appear as cordate or disk-like expunsions of the edge of the mesenteries.  In addition
to the actnal terminal filament, the mesenterial epithelivm immediately behind is usually much
swollen on each side, and is either skarply rounded off from the rest of the endoderm or passes

«*“The Morphology of the Madreporaria.—I1. Increase of Mesenteriex in Madrepora heyond the Protocnemic
Stage.”  Ann. Mag. Nat. Hist., Ser. 7, Vol X, 1902,
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cradually into it Figs. 14, 39, 44 45, 57, and 69 will give some idea of the variety of form
presented in transverse sections.

Histologically. a filunent differs in passing vertieatly from one region ot the polyp to unother,
and also exhibits a variety of ecllular constituents in different parts of the sume seetion. In
the coniplete mesenteries the actual houndary between the stomodieal eetoderm and the mesen-
terial fikunent is by no means well defined.  Ax shown on Pl VI fig. 51, the deeply-staining
cotoderm of the stomodeun, at the termination of the latter, appears to pass around and for some
distanee along both sides ot the mesenteriex, and as the latter beecome free they are capped with
the cctoderm. In transverse sections (fig. 574) the filament at first is cordate, the mesoglaa
bitureating and supporting the lateral wings. The anterior and lateral borders of the filament
ditter in no respect histologieally from the stomodwal cetoderm, while the posterior borders
are ordinary mesenterial endoderm.  The first part of the filiment in most corals is of this charac-
ter, but continues thus for a longer distance in some torm (Cladocora, Astrangia) than in others.
The stage is never represented in the filuments of mesenteries which are unconnected with
the stomodeum. bt passes gvadually into the next stage, which represents the longest part of
the filament (tfig. 57¢). The anterior or inner portion of the filament is constituted mostly
of narrow nematocysts, clear and granular gland cells, and supporting cells, while laterally and
behind the cells become shorter. supporting cells predominate. and the ciliation is stronger
than clsewhere.  The mesoglea of the mesentery passes but a short distance into the filament,
and there biturcates, each half being direeted forward, horizontally. or backward. and quickly
thinning out. lmme(lmtel_\ in front of the mesogleeal expansion nervous elements are usually
recognizable, and less often muscular fibrils.  The latter may also be present along the hinder
mesogleeal border, as a continuation ot the mesenterial muscle layer (¢77 also figs. 44, 45, PL V)

Passing to the lower regions of the polyvp. the filaments usually hecome broader in transverse
seetions, and large, oval, thin-walled nematoeysts, with a very distinet spiral thread, are the chiet
feature.  So abundant are the stinging cells that in some cases they make up by far the greater
proportion of the whole filament, the supporting cells serving as a kind ot matrix (P VII, fig.
58: PL XTI fig. 94)“.

The swollen mesenterial endoderm, immediately hehind the filament, must in no ways he
confounded with the two lateral lobes of the trilobed Actinian hl.mwnt. In these the three
lobes are very distinet struetures, both as to their form and histology, and each is supported upon
a separate mesogleal uxis.  The apical part of the middle lobe (Drusenstreif) is mainly glandular
in character in the upper region ot the polyp. and a few small nematoeysts wsually occur.  On
their antero-lateral horders, the two lateral lohes are constituted wholly of ciliated supporting
cells, being known as the eiliated bands or Flimmerstreiten.  Between the glandular streak
and the ciliated bands is tound a pateh of tissue, which as a rule bears a close resemblance to
undifferentiated endodermal epithelium. and has been termed the intermediate streak.

(()1111).11'mw the coral filament with that ot the Actinian. it is manitest that the organ in the
tormer iz represented by the middle lobe of the lutter, and there is nothing which corresponds
uiorphologieally with the lateral lohes.  The lateral lobes ot coral polyps never contain a
separate mesogleeal axis. and histologically they bear the closest resemiblance to the ordinary
mesoglaal epithelium.  In Actinians the lateral ciliated lohes disappear ahorally, and also dix-
tally on the incomplete mesenteries, while in certain genera (Corynactis, Rhodactis) the lateral
lobex are altogether wanting. when the filament is essentially like that of the Madreporarian
polyp.

Itistologically the postero-lateral region of the coral filament, espeeially i Madrepora
(p. 47h). closely recalls the ecilinted streak of anemones, and its strong ciliation also suggests a
simmtlar function.

The filaments on the imperfect mesenteries otten remain in a rudimentary condition, and
atford instructive stages in the development ot the orgin.  The free edge of the mesentery is

‘None of the mesenterial filaments examined ever show the nematoeysts partly extruded, in the manner

deseribed and figured by Bourne for Fungic (1843, pl. XXIV, fig. 28), and by Pratt for Neokelia (1900, pl. LXIII,
fig. 813 but in the polyps of certain Pacific corals I have observed the phenomenon noticed by these authors.
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capped by a tissue which stains brightly. and consists nuinly of ciliated supporting cells, but
ix not sharply separated from the wnmodified mesenterial epithelium.  The mesoglaa is not
swollen or bifureated, and the e¢ndoderm immediately hehind never becomes lobed.  Such
incipient filiments oecwr on the secondary mesentervies of Orbhicello and ladocora (tig. 57q). and a
somewhat further stage is represented by NoZenastrava (tig. 85). The tigures should be compared
with the early stages in the development of the filinent met with in larvae (PL XV), and also
in lorites (fig. 3%).  There is the closest resemblaunce hetween the two phases, leading to the
conclusion that phylogenetically they represent similar strcetures, whether continnous with the
stomodeal ectoderm or remaining free from it.

GLANDULAR MODIFICATIONS.

The filaments of many species of corals undergo a peeubiar listological modification, the
organs within restrieted limits becoming almost wholly glandular.  In the fresh tissues, the alter-
ation is indieated by the part being of a golden yellow color. insteiad of the usual dull white; while
in preserved material the same parts are much darker than the rest of the filument, above and
helow., A transverse section through one of these modified regions. taken from sh/cello amnnlaris.
1= represented on PLOIXC fig. 69, The filament has become enlarged in diameter, and its eellular
constituents are remarkably uniform in character.  The latter ave long, clearly defined. columnar
cells, radiating in a tan-like manner from the expanded mesogleeal base.  Kacle cell is filled with a
finely oranular substance. and on staining a nuelens is rendered visible.  The free margin presents
no indication of eiliation, but. in places, globules of some liquid appear in the aet of oozing out,
while the organ is enveloped in some scevetion, evidently issuing as the polyp was preserved.
The seerction is of a faint yellowish eolor. shightly difterent in refraction from the Canada
balsam in which the seetions ave mounted.  The sune filament. as it appears in a partly
tangential seetion. is represented in fie. 70, The cells in the middle are cut transversely, while
peripherally they are seen more lengthwayvs,  The well-defined polygonal ontline of each cell in
transverse section is very eharacteristic.

After maceration. the preparations (tig. 71) reveal that the fikiment comprises only two
kinds of cells: (@) long. colunmav ¢land cells, of the same diameter throughout. and charged
with granular matter: and (4) equally long, uarrow supporting cells.  Nematoeysts ave altogether
wanting.  The modification extends over a very restricted vertieal range. for on following the
sections of the filament. both upward and downward. the normal, more complex structnre soon
appears.

The actual presence in some cases of a seeretion swrrounding the filament. and the charaeter
of the eclls themselves, leads to the convietion that the strneture represents a purely glandular
organ.  Such a histologieal specialization is very exeeptional among Zoantharian tissues.  One
of the functions of the ordinary mesenterial tilament i deemed to be the produetion of a
digestive seceretion, and it is manifest that in these special filamental regions an increase in size
and number of the secretory eells has taken place, to the exclusion of nematoeyst and other cells.
with the exception of the ever present supporting cells,

A comparison with the seetion through the unmoditied region of the same tilament, repre-
sented in fig. 720 at once snggests the manner in whieh the alteration has taken place.  The
portion of the mesentery ineluded in the figure is at first very narrow, but just behind the
filament its epithelium and mesogloea beeome swollen, and as the latter enters the filment it is
flattened, terminating in a branch to cach side.  The boundary between the filament and the
swollen mesenterial endoderm is clearly detined.  The comparison of fig. 69 and fig. 72 renders
it evident that in the former the whole of the filmuent has taken on the elandular charaeter,
while the unniodified basal area is the swollen mesenterial epithelium, now. however, so closely
apposed to the tilament. as to be distinguished only histologically. :

Intermediate stages in the production of the glandula orgun from the normal filament are
aflorded by the filiments of Mewndring (Pl XX1), A transverse section of one of these is
represented in fie, 144: the right side of the filament presents the usual histological details, while
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to the left side most of the cells have become enlarged and glandular. In lower sections the
whole of the filument takes on this latter character, becoming at the same time much lareer
(fig. 145).

The elandular cells w Mevandrine differ trom those in (bicelle only in the fact that the
contents of the cells are a brighter yvellow in color: being unatlected by stains, they staud out as
very conspicuous areas in mieroscopic preparations.  In Furia fragus also the contents are
bricht vellow.

The glandular modification appears to be sontewhat generally distributed, having been
tound in Orbicdlu acropora, Meandriv labyrintlica, Fuvia fragume and Colpophyllic gyrosa.
Its occurrence appears to he somewhat sporadic.  Only a few of the filaments in any one polyp
undergo the alteration. and its vertical extent is always very limited. In Osbhiccllu and Fuvia
two or three mesenteries. out of the usual twelve pairs, are thus distinguished, and in Jevandrina
the proportion is much the same.  In one instance, in a portion of the brain coral, the two
niesenteries of a pair were thus altered.

A still further development in the same direction is presented by the filaments of Wevandrina
(fig. 145). In transverse sections of ordinary filaments. the endodermal lobes immediately
behind are not sharply marked oft from the rest of the mesenterial epithelium: the cells are
exceptional in the mnount of vacuolization, and the comparative paucity of the zooxanthelle, but
are not essentially ditferent from the ordinary mesenterial endoderm (fig. 143).  Where the
glandular alteration has taken place, the cellz. not only of the filunent, but also of the mesenterial
eptthelium for some distance behind, are nearly all of a uniform character, and the elongated
nuclei of the supporting cells are arranged in a zone, In fig. 145, three, coarsely granular.
gland cells are represented, the granules staining very deeply. but the remainder ot the cells arve
filled with an extremely fine granular matter, which stains but slichtly.  The nuclei of the cells
arce oval, and distributed through the tissue with an approximate wniformity, and perfeetly
clear gland cells are altogether absent. Instead of the filament being separated from the
mesentery by a distinet groove on cither side, as s the case elsewhere, its cells are direetly
continnous with those of the mesenterial epithelium. and these latter have undergone a like
clandular moditication tor some distance, passing gradually into the ordinary mesenterial
endoderm.

Thus the elements of two different tissues—tilamental and mesenterial endoderni—may
assune a like specialized character.

MESENTERIAL FILAMENTS OF MADREPORA AND PORITEN,

The histological characters of the mesentervial filiments of Wadrepora are <uch as to eall for
special note. A transverse section of one of these ix represented on P 11, fig. 14, The meso-
eleeal lamella from the mesentery enters a short distance into the hase of the filament, and there
bifurcates: the two halves are divected backward into the lateral regions. where they thin out
and are lost.  The filiment thus becomes divided into three distinet areas. a larger antero-lateral
arca, and two smaller posterior crescentic vegions, each charaeterized by special histologieal
elements.  lu front the cells consist of long. narrow. supporting cells. amongxt which are
nunierous elear and granular cells, and a few small thick-walled nemtocysts, though the latter
are plentiful only in the proximal region.  The cells of the posterior crescentic areas are all of
one kind—uarrow, ciliated, supporting cells, with the deeply-staining nuclei wholly restricted to
the inner two-thirds of the cells (fig. 130): the ciliation is also stronger than anteriorly. Though
some such ditterentiation hetween the middle and posterior areas of the filaments is found in

other coral polyps, the distinetion is rarely so marked as in Mudrcpora.  In sections stained in
borax carmine the posterior regions are an intense red, and present a sharp contrast with the
rest of the flament.

The middle region corvesponds in histological detail with the ¢landular streak of the middle
lobe of the Aectinian filament; while histologically the crescentic areas mwost distinetly recall
the ciliated bands of the lateral lobes of the Actiniwe.  In these latter the ciliated bands are
constituted wholly of ciliated supporting cells, and the condition i Madrepora serves to
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demonstrate how ~imilar. highly specialized tissnes may veeur in diflerent vegions.  The marked
development ot the lateral eiliated aven i Meddre pora may be coneeived as assoeiated with the
complex cirenlatory systenn of the porose corals, but the weakness of the filunents in the allied
genus [ opites searcely bears out such a suggestion.

Mature polyps of Sorites vsually contain four pairs of complete mesenteries in the upper
region, but the dorsal directives often become free before the tower termination of the stomo-
dewm ix reached (figs. 300 41).  Mesenterial filaments, however, ave found on only the three
remuaining pairs of mesenteries, I, I1, 1I1: the free edge of pairs 1V, V. VI is covered with
the ordinary mesenterial epithelium (PL 111 fie. 29).  For a short distance below the stomo-
dieum the tips of the older mesenteries are provided with a deeply-staining tissne. in no ways
distingnishable from the stomodaal ectoderm with which it ix continuous (PL 1V, fig. 88);
and no sharp boundary line here separates the filament from the rest of the endodernal epi-
thelium.  Some distance below the stomodival region. however, the filaiment takes on the normal
eharacter. and lateral endodermal lobes may be formed on the first and second pairs (fig. 89),
though they persist for a very short vertieal distance,

The limited development of the mesenterial ilaments in Forites, on only two or three of the
pairs of the mesenteries, is in close agreement with the results of Fowler (188S) upon polyps ot
Neviatopora.  In S.subulata Fowler found the mesenterial filaments to be well developed on only
one pair of mesentervies. the two marked 3 and 10 in the author’s notation, and corresponding with
the pair marked 1. [ in the present paper: the mesenteries nambered 1. 50 8, 12, correspouding
with pairs II. HI1. were generally devoid of any **filamentar™ thickening. The proportional
development of the filaments thus corresponds with the order of appearance of the mesenteries,

EXTRUSION OF MESENTERIES AND FILAMENTS.

In corals reproducing by gemmation the filaments ave rarely so strongly developed as in
fissiparous species.  In the latter, certain of the filuments are more important than others, and
become greatly folded and convoluted. attached to the free edge of the mesentery all the way
(P1. XXII. fig. 148).  The mesenteries bearing such strongly developed filaments are capable of
partial extrusion through the walls of the polyp. either upon irritation ov injury to the latter,
sometimes in such quantities as to nearly hide the surface of the colony.  Extrusions may appear
at any part of the column wall or disk, as well as through the mouth.  In the living polyp the
mesentery and filument sent out are ecasily distinguished one from the other: the former is
usually thin, eolorless. and transparent. while the latter is opaque white, and disposed in ivregular
loops and coils.  The extruded mesenteries in some species are faintly green in color, perhaps
due to the large number of zooxanthelle in the endodermal epithelinm.  In polyps preserved
with the mesenteries thus partly extruded, some of the filaments are also found displaced within
the upper polypal regions. and even within the chambers of the edge-zone. In Cladocora the
filaments have been observed to enter the tentacular cavities, and oecasionally theyv are found in
the perithecal continuations of the polypal cavity.

The phenomenon takes place moxt readily in fissiparous genera, upon strong irritation or
after roungh handling of the colony. and the extrusions are move copious in these forms than in
genera reproducing by gemmation, but probably there ave few corals in which it may not occur
ocenr to u greater or less degree. It has, however, never been observed in the numerous colonies
of Niderastraa kept under observation.

Examination of the eolumn wall and disk of the polyps. under ordinary conditions, fails to
reveal any apertures comparable with the ** Cinclides ™ of the Actiniaria, through which it may be
supposed that the filaments can pass. The absence of cinelides, and the irregular disposition
of the extrusions over any part of the colunm wall and disk, make it evident that the openings are
merely temporary, and capable of formation at any point. struetural continuity bheing again
established when the mesenteries are indrawn.  On examining the surface of the column wall,
immediately on withdrawal of the filaments. the apertures conld be observed. and have been found
to remain open for a shovt time; gradually, however, they elose over, and all evidence of their
former presence is lost.
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On Pl VIIL fie. 64, is given a section through the infolded apical vegion of Orbicellu. in
which the fikunent, and the mesentery to whieh it is attached, are shown in the act of passing
through an actual perforation of the column wall.  The extra-polypal portion of the filament is
charged with numerous, large, thin-walled, oval nematocysts. and the disrupted column wall
reveals no histological peculiarities,

The extrusions from coral polyps ean scarcely be compared with the ejection of **Acontin,™
a phenomenon charactevistic of the Sagartinie anmong the Actiniavia,  Acontia are thread-like
structures, which are but feebly attached to the mesentevies, and pass through permanent aper-
tures (cinelides) in the colummn wall of the polyps. or through the mouth. the mesentery in no
wavs following. If not wholly libevated from the polyp. the acontinm can be indrawn. The
extvaded filaments of corals, on the other hand, still retain theiv normal position along the
contorted edge of the mesentery. and a portion of the latter passes out along with them. The
function of both is probably the same, as in each ease the orvans ave strongly eharged with
neatocysts. and less so with gland cells.

ORIGIN OF MESENTERIAL FILAMENTS.

Probably there is no subject affording greater diversity of opinion among writers on the
Anthozoa than that of the ectodermal or endodermal ovigin of the wmesenterial tiluments.  In the
Alevonaria the problem has been made the subject of special <tudy by E. B. Wilson (1834): in
the Actiniaria, by McMurrich (1891): while H. V. Wilson (1358) has made it the object of lengthy
notice in the coral Municina.

The uctual facts of the case ave briefly a~ follows: In the adult polyps of all three groups.
the stomodwal ectoderm is in absolute continuity with the mesenterial filuments of the complete
mesenteries, as the latter beeome free at the lower termination of the stomodaun. and the two
acree closely enoungh in their histological detail to suggest a common origin.  Further, the tila-
ment diffevs markedly in structure from the mesenterial endodevm. and would thus appear to
have no eonneetion with this layer. Likewise in very early larval stages, the same unbroken
passage from the stomodweal ectodevin to the filament is often found to exist. though rudiments
of the filaments may be present on the primavy mesenteries hefove or independently of their
union with the stomodweum. Weve the complete mesenteries only to be taken into account, as
in the Aleyonaria, the problem would be wmuch simplified, but in both Madrepovaria and
Actiniavia exactly similar filaments to those on eoniplete mesenteries are tound on the incomplete
mesenteries, which remain free from the stomodicum. and hence are never in continuity with
its ectodermal lining.

The independence of the filaental and stomodweal tissues within the early larva ov bud,
along with their histological diflerence, led E. B. Wilson to regard the six ventral filunents in
the Aleyonaria as endodermal; on the other hand, the apparent eontinuity with the stomodweal
ectodern of the two dovsal filaments from the beginning. and the elosev histological vesemblance
of the two structures, caused Wilson to regard these as ectodevmal.

From evidence of a like character. MeMurrich, in 1891, came to the eonclusion that the
Driizenstreif ov glandular streak on the middle lobe of the Aetinian tilament is of endodevinal
origin, while the ciliated bands on the lateral lobes are ectoaermal.  Returning to the con-
troversy in 18949, McMurvich, from his investigations of the mesenterial filuuents in Zoanthns
sociutus, again concludes that the eilinted bands nst be eonceived as ontogenctically distinet from
the glandular streaks.  Regarding the ectoderm and endoderm of the Ceelentera as vepresenting
but an approxiniation to the diblastic condition of the higher groups. McMurvich is constrained to
regard the distinction between an ectodermal and endodernal origin of any of the organs as
of relatively little moment.  With this undevstanding, he concludes: **the ciliated bands are
probably in all cases ectodermal, and that in some mesenteries at least, the glandular streaks are
endodermal, yet I am prepared to accept as correct the ectodermal origin of the glandulav streaks
in other mesenteries.™  The ~“intermediate ™ epithelium of the trilobed Actinian filament
MeMurrich 1s inclined to rvegard as ectodermal: my own observations, on species where it 1s
favorably developed for study. lead me to consider it ax endodermal.
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The strnctural uniformity of the filvueats in all Madveporaria. and the absence of lateral
lobes hearing ciliated bands. simplifies the matter somewhat in this group, as compared with the
Actinmaria.  Frowm its relationships to the mesentery, its formt and histological structure, the
Madreporarian filament for the grveater part of its course undoubtedly corresponds with
the middle lobe of the Actinian filunent.  In the shple eondition of the latter, the organs are
indistinguishable in the two groups, and without doubt a eommon phylogenetic origin must
be assigned them.

In conneetion with the origin of the filuments. 1. V. Wilson was the first to attaeh impor-
tance to a retlection of the stomodzeal ectoderm, which takes place at the inner termiination of the
stomodwewm.  This oecurs in both adult and larval polyps.  On Pl V1, fig. 51, representing a
transverse seetion through the terminal stomodwal region of an adult polyp of (Zudocora, the
ectodernt 1s seen to line not only the outer surface of the wall, but has also hecome folded round
the edge of the stomodmum. and eomes to oecupy the inner ov endodermal surfaee of the
organ, thence passing for some distance along hoth faces of the complete mesenteries, and
seeuting to give rise to the mesenterial filaments as the mesenteries become free.  Similarly, on
the left side of fig. 56. a vertieal seetion through the stomodwum of (Zudocora, the ectoderm
becornies folded at the termination of the wall. and is then continuous with the mesenterial
filament. The right side of fig. 2 shows the same relationship in Madre pora.

On PL X1V, fig. 112, a transverse seetion through an early larva of Furiu, also displays a
tissue on the endodermal surface of the stomodwum, in all respeets resembling that of the
stonodaal ectoderm.  Separated by the fivst pair of mesenteries, it forms a distinet, deeply-
staining lobe. in both the larger and smaller primary chambers, and differs greatly from the
survounding endodernt.  In sections a little higher, the reflected ectoderm is wholly wanting,
and the stomodweal hning is purely endodermal (¢7. tigs. 126, 127).

The stomodzeal ectoderm, retlected in this way around the lower edge of the stomodweal wall,
occurs to a greater or less degree in probably all Madreporaria. luvariably, the niesenterial
filaments of the complete niesenteries seen us if they took their origin from it. and the histo-
logieal resemblance is very elose. The extent of the reflection along the cwelomic surface of the
stomodwewun, and also outwardly along the ntesenterial faces. varies much with the amount of
retraetion or expansion of the polyps. for in the latter eondition the stomodweal wall and edee of
the mesentery come to he almost in the saume vevticad straight line, and no retlection is then
apparent.

Wilson. in his studies of the carly larve of Wanicina found the stomodreum to be applied to
the column wall. and its ectoderm appeared to pass down the inner surfaee of the wall, even hefore
the first pair of mesenteries had appeared. In later stages the ectoderm of the stomodeum was
reflected up the endodermal surfaee. and all the primavy mesenteries. except the first pair. were
considered to receive their filamental tissues from these cetodermal tracts, though some filaments
were found to be present on the wmesenteries hefore the union of the latter with the stomodaum
had been effected.  With regard to the origin of the filuments on the mesenteries which never
reach the stomodaum, probably few students of the embryology of the Anthozoa will be
prepared to follow Wilson in his suggestion (p. 220) that these veceive their ectoderm from
a reflection along the entire length of the calomic surface of the stomodwum and peristome
(the epithelium . of Wilson's figs. 50 and 55).  Its acceptance. in the case of the ineomplete
me=enteries of sowme species. would demaund that the inner lining of nearly the whole of the
upper region of the polyps should consist of ectodermal tracts.

A typical example of the condition of the filaments found in larvee ix presented by the
transverse sections of the lavva of Furir rragune represented on Pl XTIV, For the greater
part of its length the inner (cwelentorie) kiyver of the stomodaum re<embles the rest of the endo-
derm, but toward the internal end it begins to assume a histological character more nearly
resembling that of the ectodermal lining.  The cells are now narrow and closely wrranged. and
the munerous brightly-<taining nuclei form a detinite zone. marking oft the region very distinetly
from the ovdinary endoderm. This is the so-called *reflected ectoderm ™ of Anthozoan literature.
In Faede it passes along the first pairs of wesenteries for w short distance. and as these sever

Voll, 8—Na, ——
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their connection with the stomodweum they are tipped with a tissue of like nature.  Increasing in
extent. it ix continued as the mesenterial filunent along the edge of the first pair of mesenteries.
almost as far as their termination at the aboral end of the larvea. eeasing on one mesentery a little
in advance ot the other (¢7. also Pls. XVI11I. XXYV).

At this early stage the mesenterial filument is not sharply marked off. except histologically,
from the rest ot the mesenterial epithelivu,  Its numerous nuclei stain brilliantly in borax
armine, and structurally it is indistinguishable from the stomodweal ectoderm.  This resem-
blance, combined with the absolute continuity ot the two at the eonumeneement ot the tilunents,
would seem to remove all doubt that the two—-stomodival ectodernt and the mesenterial filaments—
are ot one and the zame origin.

But the conclusion heeonmes less eertain when the incomplete mesenteries are taken into
account, for along their free edge ix a tisxue of exactly similar nature: yvet the mesenteries are in
no way eonneeted with the stomodew, and there is no apparent means by whieh the ineipient
filament can have been in unity with its ectoderm.

The early appearance of the filunents on the second pair of mesenteries is represented in
fig. 112, from a section taken a little above the termination of the stomodaum. At first only
one mesentery displayed any marginal modification, but in the figure the filument has appeared
on the other member ot the pair. while helow it iz us strongly developed on both ax on the first
pair of mesenteries, but disappears in advanee of the filanent of the latter. In some of the
scettons eoming below that represented in fig. 112 there ix the feeblest hint of the filament on
the mesenteries of the third pair. which scarcely extend hevond the endodermal lining.

1t ix manifest therefore that the filaments on the second pair of mesenteries originate
quite independently of any connection with the stomodicum and ot the refleeted ectoderm.
From a study of the conditions in hoth the third and the second pairs it is inconceivable how at
any carlier stage. say before the middle embryonie tissues had bhroken down. that any such
connection could have been established.  The reflected ectoderm passes backwardly hut a short
distance along the ewlomic surface of the stomodwemmn, and there is no possibility of its working
its way wpward, across what represents the disk. and then downward along the free edge ot the
mescentery.  The presence of fiknnents on the second pair of mesenteries before union with the
stomodewmn would imply that a shmilar development may also take place on the third pair of
mesenteries before their union. and sections reveal that such actually oceurs. It is also manifest
frow the zections, that betore the union of the inesenteries with the stomodwum is etfected. there
ix no means by whieh the free margin of the former can have come into contact with the reflected
ectoderni.

From the conditions represented in the larvie ot corals generally. the conelusion is reached
that the mesenterial filaments way orviginate independently of any eonnection with the stomodweal
ectodern, and may therefore be assumed to be endodermal.

The filaments on both the complete and incomplete mesenteries at the early stages ot tarval
development present but little histological differentiation. except in the case of the filamuent on
the first mesenterial pair.  They consist mainly of supporting cellz, and stain much more deeply
than the ordinary endodermal lining. but ¢land cells and nematoceysts are scarcely determinable.
Similar details are often presented by the edge of adult mesenteries. which always remain tree
from the stomodwewn. showing that in the orders heyvond the primary the fikuuents originate in
the same manner.  In these cases the filuments may never become fully developed. but remain
in an incipient or rudimentary condition.  Thisx is ilustrated by the mesenteries of pbicellu
acropora.  The six pairs of mesenteries ot the first eyvele are complete, and filuments are well
developed below: similar filuments appear on the mesenteries ot the second eyele. which fail to
reach the stomodweum: but on the third eyvele of twelve pairs the mesenteries are merely tipped
with a deeply-staining tissue, which is indistinguishable from that on the filaments of larvee.
Further, some mesenteries bear ineipient filaments only in their upper course. while the organs
are fully developed below.  (Zudocora arbuscula also affords similar illustrative examples (Pl

VII). The edge of a mesentery in its upper course is represented in fig. 57 «. and the filament is
seen to be quite rudimentary: below the stomodaal region. however. the filument on the same
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mesentery s fully formed (fig. 57 <), If the tlaments of the incomplete mesentevies originate
from a retlected tract of stomodieal ectoderm. it might reasonably be expected that they would be
best developed in the uppermost region of the polyp. whereas, as a matter of fact, they are lere
absent or only incipient, even when fully developed helow.

All the evidence seents to favor the view that in the Madreporaria the mesenterial filaments
tirst appear independently of any connection with the cctodermal lining of the stomodauni, but
that in the case of the complete mesenteries such a continuity is carly established, while with
incomplete mesenteries the separation is permanent.

When deseribing the adult mesenteries, it ix shown that the first part of the filament ditlers
in form and structure from that helow, and histologically 1s indistinguishable from the stomod:eal
cetoderm, with which it is in direct continuity. It ix manifest, therefore, that between the
actual stomodweal termination and the commencement of the true filament there is a tract whieh
partakes more of the nature of the stomodwal ectoderin thun of the filamental tissue. It forms
the connecting link, us it were, between two tissues which may be considered as wholly distinet
both phylogenetically and ontogenetieally.  Such, it may be conceived, is the significance of the
reflected ectoderm™ as seen in corals. 1t is the stomodeal cctoderim passing along the mesentery
to establish structural continuity with the upwardly growing filament.

The strongly ciliated character of the stomodweal cctodernm inarks out the layer as specially
concerned in the circulation phenomena of the polyp. and the same must be athrmed toa less degree
of the upper part of the mesenterial filament.  For the proper carrying out of this it is manifest
that a close histological continuity should he maintained between the two struetures. and it can
be concetved that in establishing this the stomodwal ectoderm passes some distance down or
along the mesenterial edge to meet the upgrowing filament proper.

The mesenterial filaments on the incomplete mesenteries are the homologue of those on the
complete filament, but the latter are in more or less direct histological continuity with the
stomodweal ectoderm by a downgrowth from the latter. while the others are free thronchout.

In his recent paper (1400, p. 73), Appellof contends for the ectodermal origin of the whole
Actinian filunent, his tie. 25 showing a distinet passage of the stomodweal ectoderm down the free
edge of the mesentery. The oceurrence of an interval of endoderm hetween the stomodeaal
ectoderm and carly filunent, such as MeMurrich (1891) and T (1899) have found in other larvee.
Appelldf would explain as the result of a more or less aceidental severance of continuity upon
retraction of the larvee.  Such a sugeestion would scarcely be applicable to the conditions
already described in the larvae of Firda. for the first indications of the filinental tissue oceur at
very diflerent levels on the various mesenteries, in some instances at a considerable distance
below the stomodweal termination.  On the view presented above. the appearances which Appellaf
describes in {rticina ave not directly concerned with the formation of the fikunent: the downward
erowth of the ectoderm from the stomodweal wall is merely the means of estabhishing continuity
with the true filunent which will appear independently helow.

BASAL DISK, SKELETOTROPHIC OR SKELETOGENIC TISSUES.

Under these terms will be included the three Ceelenterate lavers  ectoderm, mesogleea, and
endoderm-—which everywhere cover the surface of the skeleton in the living portion of a coral.
G von Kocel: (1852) has fully demonstrated that the ectodern alone is the true skeletogenic layer,
and ix actually adherent to the coralhnm: but it ix convenient to study along with it the associated
mesoelea and endoderm.  The early stages in the growth of the voung polyp after fixation
(Pl. XIX) reveal that the basal disk only i concerned in the formution of the skeleton. and
therefore all the subsequent foldings. invaginations, and evaginations of the skeletotrophic
tissues are but so many extensions of this region of the polyp. produced yuers passu with the
deposition of the caleareons particles.  The theea, septa, costa, columella, and all the teeth,
spines, ete.. connected with them, represent <o many foldings of the basal disk. for all take their
origin from the same continuous layer, and their surface remains covered by it so long as they
belong to the living parts of the polyp.
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In most instances. and especially in the perforate corals. the skeletotrophie layvers eomprise
the greater proportion of the soft parts of the colony npon decaleification.  The supertieial
tissues as a whole—eolumn waull. tentacles, and disk—are always much less in superficial area
than the skeleton-covering tissnes.  The polyps, as a rnle. extend a little more deeply within the
skeleton than is the amount of their expansion above.

To study with any degree of suecess the skeletotrophic tissues of a coral, it is necessary that
decaleification be carried out.  Lining the corallum so very closely, it is impossible to make
a minute examination of the polypal lavers /n sitw with the thinuess to whieh seetions of the
skeleton can be ground.  ln the process of dissolving away the skeleton by means of acids, scarcely
any distortion of the tissues appears to take plaee if the latter have been properly hardened. and
the same may be said of the histology of the skeletogenie layer.

The polypal region set free by decaleification is very complicated in its detailed characters,
and varies ¢greatly for each genus,  An exact representation may be ohtained by making a plaster
cast of the surface of any dried coral. and then dissolving away the latter.  The superticial tissues
seen in the living or preserved eolony are found to represent but a small proportion of the polyp.
The space formerly oceupted by the theeal wall is now free, and in the case of gemmiterous speeies
each polyp presents much more individuality than under ordinary conditions. while in fissiparous
genera, like Meeandrinaand Col pophyllia. the polypal systems stand out as very distinet, continuous
ridges, separated laterally by deep grooves formerly occupied by the collines.  The septal and
columellar projections are now represented by so many deep lateral and vertical inturnings of
the polypal tissues, and their arrangement can be studied in detail. though adding little to what
ix obtainable from the skeleton itself.

The height of the deealeitied polyp gives the depth to which in the living condition the
soft tissues extend downward within the corallum. revealing how comparatively superticial in
every case is the living portion of a colony.  For example. after decaleification the polypal tissues
in [orites ustraoides vary from 3 to 5 nnn, in thickness: the polyps of Niderastreea padians ave
S mm. in height when freed from the skeleton, and those of the larger S.s/derea ave 6 mm.
Polyps of Orbicellu acropora scavcely extend for 1 em. within the skeleton of the colony. and the
same is the case even with the polypal systems of the large colonies of Meewndrina,

In the upper region of decalcified polyps the skeletotroplhie walls as a rule present a
different structural appearance from those helow.  Above, they are more transparent and
delicate looking. but as the lower region is approached the walls gradually hecome firmer in

charaeter. white, and strongly opaque.  This structural alteration is seen in nearly all the
forms examined. and is evidently due to the pronounced histological change. referred to helow.
which takes place in the endoderm in passing from above downward.

Histologteally the three skeletotrophic layers differ nuch among themselves. and also in
different regions of the polyp.  They will now be desertbed as seen in sections.

ENDODERM.

In the upper part of any polyp the skeletul endodern as a rule. elosely resembles that of
the colunm wall. di~k. and mesenterial epithelium: or. as in PL XVI1I. fig. 129,01t may be some-
what narrower. being represented by a very simple columnar epithelium.  Gland cells ot vavious
kinds. supporting cells, and scattered zooxanthellie are the usual constituents. but no trace of
any muscular fibrils nor of a nerve layer has been found.

As the more proximal regions of the polyps are approached. the layer hegins to undergo
a peenlinr modification. 1t hecomes mnch broader and 12 highly vacnolated, exhibiting in
sections a delicately reticular structure. the individuality of the ecells being wholly lost (figs.
1209, 73), while the chief constituents—— nuclet, eytoplasm. zooxanthelle, and the contents of the
few granular ¢land cells  are mostly accumulated in a marginal zone.  The differences in char-
acter between the endoderm in the npper regions und helow are vepresented by tigs. 44, 45, and
WU A Orbieella (Pl X g, T3) the layer is 0.1 mm. broad below. while above it is abont

0,053 mm. in thickness (Pl 1X. tig. 68).

=
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In zome species the thickened endoderm is crowded throughout its extent with erannles
of various size. which render the layer dense and nearly opaque in sections.  This is especially
characteristic of _strangio solitario (PLV | figs. $40 45) and Dichoeanio stokese. The granular
pavticles are nsunally non-staining, and wre thos distinguished from the nuelei which are also
present. situated near the marging — In 72/ckocwnia the granmles are green (p. 439).  Very rarely
they are arvanged as it constitnents of an oval cell: more usually they are scattered uniformly
through the whole or part of the layer. withont any sugeestion ot heing contained in special
gland cells. The condition in the lower skeletal endodermot Solewastrica, vepresented on PLX,

fig. 9. ix somewhat intermediate: lavee cells tull of conrse granules oceur, and in addition
to these are many isolated granules.

The thickened skeletotrophic endoderm of the fissiparous genera Mewndrine, Manicina,
Colpophyllic. and also Opbicdla has very few contents: a few small scattered nuclei, here and
there a zooxanthelka, and perhaps a few granules, arve all that can be made ont. the layer being
vacuolated in either a rounded or irregular manner. In the povose geneva Madrepora and

urites practically no nodification ocenrs: the skeletotropliic endodern is much alike in character
mn all parts of the polypal cavity. as well as in the canalicular outerowths.  Also in Siderast reca
scarcely any ditference is apparent between the upper and lower skeletotrophic endoder
(Pl. XXIII. fig. 156). This genus is further exeeptional in that the calicoblast ectoderm remains
a broad layer throughout.

The grveat thickening of the endoderm sensibly diminishes the mesenterial loculi belows
while the comparative fewness ot the uaclei. their sinall size. and the sparse protoplasmic
contents would indieate that the cellular activity is much diminished compared with the upper
regions of the polyp.

Wherever the calicoblust Tayer ix in an active condition the endoderm overlying it presents
a eorresponding state.  In the uppev parts of polyps. where skeletal growth ix proceeding as a
result of the activity of the calicoblusts, the endodermal eclls ovevlying the latter are highly
protoplasmic, stain deeply. and present all the evidence of functionally active cells. A marked
iustance of thix occurs in connection with the aboral termination of the interseptal loculi. Tt is
here that from time to time the dissepiments are formed which cut oft the polyp from the lower
portion of the coralluni: below the last dissepiment the skeleton may be considered as dead,
while above it is covered with the soft polypal tissues. The production of dissepiments must
be constantly tuking place in a vigovously growing coral, hence the calicoblasts at the actual
base remain in a more or less pernmnent condition of activity, as represented on Pl X, fig. 73.
The figure shows that the colummar character of the eells is hmited to the actual flat base of
the chambers. the calicoblasts being insignificant along the lateral wulls.  Fig. 73 is ulo
specially instructive as showing how the endoderm immediately overlying the active calicoblast
layer differs from the layer on the lateral walls, where the calicoblasts are non-active. The
endoderm has become much thinner, the cells are fully charged with protoplasmic contents,
and stain deeply.

The skeletotrophic endodernt overlying the upper parts of septa which may be supposed to
be in a growing condition, is also much thinmer than that lining the wall ot the calice and inner
parts of the septa at the same level.  This diversity is very marked in fig. 129, Pl. XXI1I,
representing a mesentery ot Jewwndrina with the skeletotrophic tissues associated with it.

It is manifest that the outer calicoblasts cun obtain their nutriment and the calearcous salts
wherewith to fovm the dissepiments only in 5o fav as these pass through the overlying endoderm
and mesoglea: hence wherever the former arve in a functionally active condition the endoderm
would he expected to show a corresponding niodification, as compared with regions where it
overlies non-funetional cells.

MESOGEL(CA.

The mesolgwea of the skeletotrophic tizzues is nearly evervwhere a thin Luuella, but, as a
rule, it thickens a little along the line of attachment of the mesenteries to the corallum. At this
place. and more or less seattered over the whole surface. are found peculiar cone or wedge-shaped
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structures whieh appear as processes of the mesoglea.  In sections the processes are striated
toward their free extremity, which in methyl blue and in carmine always stains much more deeply
than the remaining mesogloea.  Their function would seem to be to bind the oft tissues to the
corallum.  Where the insertion of a mesentery on the colummn wall is seen in longitudinal section
the processes appear as represented in fig. 95, Pl XIIL

The nature and origin of the mesogleal processes has been specially studied by Bourne (1899).
He shows that they are formed from special ectodermal cells which he terms desimocytes. These
take their origin from certain cells in the calieoblast layer, and become secondarily attached to the
mesoglea. The processes thus formed may be known ax desmoidal processes, though Bourne
employ= the term desmocyte for them, as well ax for the eells by which they are produced.

The desmoidal processes may occur at any part of the outer skeletotrophie tissues, but are
most nunerous in areas along which the tissues may have to withstand, as it were, the strain
of any muscular activity of the polyp. The attachment of the mesenteries to the skeletotrophie
tissties represents such areas, and here desmoidal processes usually oceur in numbers.

Also, as shown in fig. 67. Pl. IX| they ave speecially developed in eolonies along the line of
separation of one polyp from those adjacent. It is obvious that at the point des. pr. the polyp
upon expansion will tend to raise the skeletal covering from its adherence to the edge of the
calice; hence to meet this the skeletotrophic tissues are provided with a special development
of desmoidal processes.  llowever fully expanded a polyp may be. it is never able to detach
its basal wall from its adherenec to the corallum.

The whole manner of distribution ot the desmoidal processes fully supports Fowler's (1899)
suggestion that the structures are special devices for maintaining the adherence of the polypad
tissues to the skeleton.  Their purpose in many ways is eomparable with that of the liga-
nients in the higher animals.  They do not occur over the actively growing regions of polyps:

>

>

the skeletotrophic ectoderm is here a continuous epithchiwm (P I1. fig. 8).
ECTODERM OR CALICOBLAST LAYER.

The basal eetoderm or ealicoblast layer is of much importance in studies of the morphology
of the Madreporaria, secing that by it is produced the entire skeleton, or coral as popularly
nndevstood.  The nature of the layer, and the mode of formation of the skeleton by it, have been
the subjeet of much controversy. with which the names of Milne Edwards and Haime. A, R.
von Heider, G. von Koch. Miss Ogilvie. and G. C. Bourne are associated.  Bourne (1899) has
recently simmmarized the various views as to the structure and formation of the skeleton. and
has made a very thorough study of the process ax it takes place in different geneva of Anthozoa.
With regard to the Madreporarvian skeleton he finds, with von Koch. that the calicoblast layer is
evervwhere a simple epithelium, the cells rounded. colunmar. or tused together. and that the
calearcous matter is laid down wholly external to the polyp. He thus ditfers from von Heider
and Ocilvie, who concluded that the ealicoblast ectoderm was a multitaminar layer, and that the
skeleton resulted from caleification within the cells.  The calicoblasts deseribed by von Heider
are shown to correspond with the desmoceytes of Bourne, and are not concerned with the
secretion of the skeleton.

The results from the present study tully contirm those of von Koch and Fowler as to the
unilaminar condition of the calicoblast laver and the ectoplastic formation ot the skeleton.
Usually the layer is only well developed within regions of active growth, as toward the
uppermost part of the corallites (PL 11, fig. 8). or aborally, where dissepiments are in course
of formation (PL. X, fig. 73).  Elsewhere the calicoblasts form an extremely flattened layer:
in Niderastraa, however, the structure is the same practically throughout the whole of the
skeletal aren (PL XXIV).,  As a rule desmoceytes are wanting wheve the calicoblasts are well
developed. but are plentiful where the cells are nonactive, especially along the line of attachment
of the mesenteries to the basal wall. .

In ~ome instances (Hadrepora, tig. 1&3)' the skelctogenic ectoderm shows distinet cell
limitations, as in ordinary colummar epithelium: but generally these are lost. and the eontents
are arranged in a continnons manner and largely vacuolated.
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Between the calicoblast layer and the actual skeleton, Bourne lias found what he terms a
lindting wemdbrane, scparating the polypal wall from the calearcous matter.  This oceurs
wherever decaleification of properly preserved material is carefully carried out. but to my mind
represents the remains of the colloidal matrix in whicl the skeleton is deposited. At the growing
apex ot Madrepora a continnous grownd substance renins after deealeitieation. and fills the whole
of the space occupied by the corallum. behaving toward reagents exactly like the mesoglea
between the ectoderm and endoderm. Tt presents a striated, seale-like appearance, altogether
similar to that of the ealcarcous tibers of the skeleton of Madrepora (figs. 18, 19).  The strize have
manitestly heen produced by the calearcous skeleton laid down within a perfectly homogencous
substance.  This latter is evidently scereted by the calicoblasts, but only under the most
favorable conditions, as near the actual tip of rapidly growing branches, can it be found persisting
throughout the skeleton.  Elsewhere the organic matrix has either wholly disappeared. or is so
isignificant as not to persist in a continnous form on decaleification.  Stages in its disappearance
can be casily followed in JMadrepora, in passing downward from the apex of branches. and it
becomes obvious that the mesoglea-like covering on the outside of the ealicoblast layer is but
the densest. most recent part of the matrix. which is persistent, and within which calcareous
fibers will be deposited.

The skeletotrophic tissues of Niderastraa and Wadrepora will be described in somewhat more
detail.

The skeletotrophic layers of Niderastrwa present certain features which distinguish them
from most corals (Pl NXXTV figs. 157, 160).  The endoderm broadens but little in passing from
above downward: it is strongly vacuolated throughout, and containg numerous granules and a
few zooxanthellze, but all traces of ecellular divisions are lost. The skeletotrophic mesoglea
is everywhere thin. forming only a mere dividing line between the ectoderm and endoderm.
The skeletogenic cctoderm has practically disappeared where the mesenterial mesoglea nnites
with the body wall. and the mesoglea has become swollen in a triangular manner, and is finely
striate, viving rise to desmoidal processes.  The latter are found only in association with the
mesenteries, where these unite with the calicinal wall, or more frequently where perforated hy
synapticula (fig. 159).

The calicoblast layer of Siderastran is remarkable in that it persists as a broad, uniform
layer throughout the polyp, even in regions where the corallum may he assumed to be in a less
active condition, as along the lateral surface of the septa.  Its usual appearance is represented in
fies. 157, 160, It is strongly vacuolated, with munerous fine granules which stain deeply. and seem
as if constituting a matrix in whieh the vacuoles arve formed. The ectoderm nowhere presents
the characteristics of a columnar epithelium: cell Hmitations are indistinguishable, and larger,
deeply-staining hodies among the granules are probably nuclei.  Where deealcification has been
carefully carried out. fragments of the homogeneous organie ground substance, within which the
skeleton is deposited. remain behind. closely adherent to the calicoblast layer.

Sections of decaleified material of Wadrepora through the growig region at the apex of
branches, usually show a broad. columnar calicoblast epithelium. much broader than the ciliated
endoderm of the canal systemi (PL 11, figs. 8. 16).  Cell limitations are more or less elearly
indicated. and the cells are largely vacuolated, the protoplasin being finely granular, and more
concentrated toward the periphery of the layer. The nuclei are rounded and arranged mostly
along a middle zone. but are not a~ regular in position, nor as numerous, as in the columnar
cells of the endoderm.  There is no indieation whatever that the layer is more than one cell
thick. or that transverse cell division ever takes place.

In the first few sections through the actual apex. where the spaces left by decalcification are
very narrow. the calicoblast layer ix even a little broader than in the sections represented, and
the vacuolization is not <o pronounced.  In sections some distance from the apex, the layer
begins to narrow. and soon it is vepresented by flattened cells which are often scarcely percep-
tible. This i~ the condition for the niost part throughout the colony. and is inconsistent with
much functional activity.
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In the most actively growing regions of the colony, where the calicoblast layer forms a
broad colummar epithelinm, the mesoglea appears as @ unitormly thin layer. entirely free from
any connection with the corallum (tigs, 8,-16)1 but in other areas, when decaleification has heen
qrried out slowly. the middle layer displays numerous desmoidal processes on its skeletal surtace
(figs. 7. 17).  The most pertect torms ot desmoidal processes are conical or pyramidal, the base
projecting outward: usually they are seen in longitudinal section. but oceasionally in transverse
section.  Toward their free edge the processes stain much more deeply than elsewhere, and wre
very finely striate. the strie being practically parallel and of equal length.  The actual edge of
the desmoidal processes is usually jageed, as if torn trom some attachment. .

Elsewhere the mesogleal kunella exhibits smaller, less vegular elevations. which are similarly
deeply stained and striate.  When a process is cut through transversely, either mdiating strie
arve presented at all the levels, or a punctate appearuance is revealed.  Nuclei are seattered about
the origin of the processes. but are never found within it.  The processes wre undoubted
outerowths of the thin mesogleal lamella. the actual continuation being readily observed: but
the deeply-staining character toward the free edge indicates that some structural alteration has
taken place.

Madrepora ofters special advantages for a study of the nature and relations ot the skeletal
matrix. ux, owing to the rapid growth taking place at the apex of the hranches, the admixture of
ground substanee and calcareous deposit is here better preserved than in many covals. T apical
polyps, which have been hardened in chromie acid. and slowly decaleitied by means of weak acetic
acid. the organie matrix ot the skeleton iz obtained ¢ s/Zu. It presents exactly the appearance
of a striated mesogleal substance, and hehaves toward reagents in the same way. and is wholly
devoid of nuclei. The fine strite arve arranged in a scale-like manner (fig. 18).  The matrix iz
best developed at the terminal region of the corallites, and is densest toward the polypal surface,
vradually thinning toward what would be the primary center ot caleification within the hraneh.
In most preparations it is shrunk from the calicoblast layer.

Looking at fragments ot the corallum under a low magnification (about 60) the surtace has
the appearance ot minute imbricating scales.  They are somewhat polygonal in outline, and the
tree edge is direeted obliquely torward, the whole indieating a spiral arrangement. most
pronounced in the smaller branches.  Under a higher magnification. however, each of the
apparent scales is scen to he but the exposed terminal portion ot an obliquely arranged tiber,
proceeding from the decper regions of the corallum, and the superficial scale-like appearance
is produced by the overlapping ot the numerous fibers.  This is also scen in sections of the
skeleton starting trom the surface. but the distinetion between one fiber and another practically
disappears a little below the surtace. The tree edge of each fiber is often slightly jageed, not
rounded and smooth. as if torn from some other connection.  Viewed by transmitted light, ecach
fiber has an indistinet, delicate, fibrillar appearance, with alternating lighter and divker trans-
verse bunds, somewhat vecalling a striped musele fiber (fig. 19).“  The matrix left upon deealeifi-
cation is thus closely repeated in the microscopie chavacteristies ot the newly formed skeleton.

In studying the relations of the corallmm to the soft tissues, seetions have been made
through the apieal region of hranches in which decaleification has but partly proceeded. 1t is
found that the middle portion or center ot ealeification is the first to disappear by the action of
the acid, the periphery. where most organic ground substance occurs. being last.

tDr. Ogilvie (1846, p. 217) also gives a fignre of the enlarged calearcous fibers of Madrepora, terminating in
what she considers to be calicoblast scales.  According to the view there presented, the scales are caleified calico-
blasts, but as shown above the polypal tissues afford no snpport for suclr a conclnsion.  The organic matrix referred
to by Miss Ogilvie is proved to be a homogeneous, jelly-like substance secreted by the calicoblast layer, within
which the calcareous fibrillke are laid down in a scale-like manner.



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 435

GASTRO-CCELOMIC CAVITY.

The termn gastro-ceelomic is applied to the whole of the mternal. endoderm-lined cavity of
coral polypx. including any outgrowths or contimations which it may possess. In some ways
the designation ix preferable to the terms gastro-vascular cavity or cwlenteron, generally
employed for the polypal cavity in Anthozoan.  For from the considerations of van Beneden
(1891). and K. B. Wilson (1884), there seetns =ome evidence to support the view that the space but
incompletely inclosed by the mesenterial flaments ix the morphological equivalent of the gastric
cavity, or enteron, of the higher Metazoa, while the remainder of the internal cavity, partitioned
by the mesenteries. ix the morphological representative of the cwelom of the Enterocola.

Among colonial eorals the gastro-celomie cavities of all the polyps in actual union with one
another are in communication. and the nutvient fluid can pass from one to the other.  This is a
persistence of the eonditions consequent upon asexnal development, whether this takes place by
gemmation or by fissiparity.  In gemmation new polyps arize wholly o in part from the column
wall of othev polyps. and the internal cavities of the two are common fora time. Thus the
developing bud of Madrepora. shown in the series of figures on PL I arises altogether from
the ceenosareal wall of the colony. and its celomic cavity during the primary stages is repre-
sented by one of the superticial canals of the eolony. In the developing polyp of Solenastraa,
represented in =ection in Pl X1, fig. 87, a distinet partition wall, lined with ¢ndoderm on
both sides. now partly separates the bud from the parent: but interruptions occur at more or
less regular intervals, which permit of a eirenlation between the two cavities.

The mode of communication of the various polypal cavities in a colony varies somewhat in
different forms. In geneva like /Jupites. Niderastraa, and dguricia, in which the polyps are
separated from one another merely along a conmon ealicinal wall, intermesenterial apertures
remain along the line of union. while the polyps are partitioned mesenterially. In Niderastraa
septal partitions also occur, at any rate during retraction: for peripherally the columm wall
comes to rest directly upon the septal covering, so that only a very narrow space is left on cach
side between the mesenterial and the septal wall (I, XXITL, fig. 156). The ehaumels of coramu-
nieation of four adjaeent polyps of /%t s over the theeal edge are represented on PL 111 fig. 31,
taken from a section through the superticial region of a colony in which the polyps were in a
retracted condition.  The fragments of the corddlun =een are the xlightly exsert septa, and the
anals pass over and around them.

Adjacent polyps of Orbicclla and Solenastraa ave also placed in communication intevmesen-
terially at the superficial line of union of the polyps.  During retraction the apertures ave not
connected directly with the main cavity. but through the intermediation of its perithecal
prolongations.  The same method of superficial intermesentevial communication holds fov the
contiguous rows in the genera reproducing by incomplete diseal fission, e. g., MNeandrina
(Pl XX, fig. 138), Clpophyllio. Minicina, Isophyllia. In these. however, the polyps which
are wnited in the same discal system have no independent cavity, the one continuous chamber
i« shared in common.  The polypx do not attain trne individuality: they ean best be understood
ax =0 many nesenterial and stomodaal systems within a general cavity.

The numerous polyps constituting o colony of Mudrepora are likewise in communication by
means of the superticial canals, which are continuons over the theeal edge withethe main gastrie
cavity (PL 1. fig. 2): but in the great group to whieh Madrepora and also Porides belong—the
Porosa -there is another and morve complicated system of commuunication than that afforded by
the superficial canals. Anastomosing radial canals are given off by the hasal (skeletotrophie)
part of the body wall, in such a way that they appear as if penetrating the corallum which
separates one polyp fromanother. and thus place the different caelentera in nnion: in Madrepora
they further come into communieation with the snperficial canals.

The radial canals are given ofl very closely in hoth Zordtes and Wadrepora. and are disposed
hoth mesentevially and intermesentertatly, without any apparent regularity. As nany as five or
<ix may be seen in a single transyerse seetion (P11, figs. 3-6).  They are not o numerous in the
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upper region of the apical polyps of Madrepora as below.  In fig, 2, representing an apical polyp.,
no vadial openings oceur on either side, though an uninterrupted continuity ot the corallum for
such a distance appears to be somewhat unusual.  The superficial canals in exsert corallites of
adrepora ave mostly longitudinal in direction: hnt transverse connections oceur, and the canals
may be also interrupted by skeletal growths.  Decaleified  preparations show that the canal
svstem does not as a rule prolong the gastvo-ceelomie eavity at the aboral end of the polyps: in
both /orites and Madrepora the polyps and their canals are abruptly troneated.

The internal canal systemn in the Porosa ix morphologically basal in origin. For it is
extablished that the whole of the skeletotrophic tissue is derived from the primary basal disk,
and all its evaginations and invaginations are but so many foldings and complications of the
walls of this region of the polyp.  The canals of the perforate corals may therefore he compared
with the basal communieating canals of colonial Actiniaria. such as those of /%/yt/ow among the
Zoanthex,  Though exerting a protound influence on the character of the corallum, the canal
system of the Porosa has but little morphological significance. and in any natural classifieation
of corals appears altogether wnworthy of the importance which has been assigned it by
systematists.

The tfundamental ditference hetween  colonial non-perforate and perforate corals may be
thus stated: In the Aporosa the gastro-calomic cavities of the component polyps of a colony ave
in communication only by superficial apertures along the common hine of union of the column
wall and basc. while the Porosa have in addition a means of communication by basal anastomosing
canals,

Compared with that of the Actintan polyp the gustro-ceelomic cavity of the Madreporarian
polyp ix much more subdivided and intruded upon, both radially and peripherally. particularly
in its lower region. In addition to the mesenterial partitions, shared in common with the
Actiniaria, a like number of radiating septal invaginations usually occurs, while colunmellar.
spinous. and synapticular productions still further break it up centrally and peripherally.
Moreover, the calicinal wall itself is often produced upward as a peripheral, circular wall.
and, so far as it extends beyond the line of union of the column wall and base, divides the
ceelomic cavity, as well as its mesenterial partitions. into inner and outer moieties, the latter
constituting the cavity of the edge-zone or Randplatte.

During expansion the upper part of living polyps is elevated tor some distance wholly
beyond the corallum. and in distinet polyps the free portion is eylindrieal, in form closely
recalling an Actinian polyp (figs. 46, 48).  IHere the subdivisions of the gastro-ceelomie eavity
are only mesenterie. and are arranged peripherally into entoccelic and exoceelic chambers in a
strictly Aetinian tashion.  The tleshy parts of fissiparous genera likewise hecome extended
for several millimeters, the oral disk appearing as a meandering plattorm fringed by the zone of
tentacles, and the column wall on either side as a unearly vertical sinwous pavapet: the cavity is
divided into entoceelic and exoceelic chambers, but not with any eyelie regularity.

In retracted polyps not only is the oral region withdrawn within the ealice, but the
perithecal wall becomes more nearly apposed to that immediately covering the skeleton. and
closely veproduces the outer corallar form, thus lavgely obliterating the intervening gustric space.

Proximally the polypal cavity extends some distance within the corallum. or rather the
corallum has intruded within the polyp: and in these lower regions the cavity becowmes
subdivided in a most complex manner by skeletal ingrowths.  In addition. the skeletotrophic
endoderm becomes greatly thickened proximally., and further encroaches upon the ehiunbers,
but apparently the mesenteries always cease betore the lower termination of the polypal
cavity is reached.”

R .

*Nothing like the peenlunr obliteration of the polypal cavity which Sclater (1886) describes in Mephanotrochus
has heen encountered.  In all cases the ccelomic eavity persists as far as the proximal floor of the polyp.  According
to Bourne (1893, p. 219), the polyp in Fungia does not desert the lower part of the calice, but remains adherent to
the basal plate. Yet even here Bourne finds that the primary and sccondary mesenteries are carried upward as
growth procecds, and are confined always to the upper moiety of the calice; the lower moiety consists only of
chambers lined with endoderm and undivided by mesenteries,
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In the upper region of the calice the septal invaginations as w rule stveteh but a short distance
radially into the gastro-cwelomic eavity, the portion of the polypal cavity meluded hetween one
septum and another being spoken of as an interseptal chamber or loculus,  As the lower regions
are approached, the septa extend farther and farther centrally, subdividing the eavity more and
more, until ultimately they unite in the middle to form ov share in the columella. Wheve such
central fusion takes place. the gastro-calomic eavity is divided into interseptal chambers, which
in transverse section are wholly distinet from one another, laterally and centrally (figs. 55, 84).
1f the septa of all the eyeles, both entocwlic and exocwlic, extend as far as the centev of the
polyp. each chamber is simple, and includes within it only one mesentery (Solenastia, fig, S4):
but when youngev eveles extend only part way toward the center, each chamber is incompletely
subdivided. and may contain two or more mesenteries (tigs. 54, 55).  All stages toward the com-
plete isolation of the septal ehambers are vepresented in passing a series of transverse seetions in
review. from above downward, the primary septa heing the fivst to unite eentvally.  Where the
septa do not completely fuse centrally, in other words, wheve they do not form a solid
cohunella, the interseptal polypal chambers vemain in open comnmmication at the wmiddle
throughout the polyp (Mevandrine, Pl XX, fig. 142),

The aetual manner in which the interseptal chambers terminate proximally is best studied
in entire, decaleified polyps.  In some species they navrow gradually in an oblique manner,
while in others they terminate abruptly.  Wheve the chambers are oblique, the polyps gradually
diminish in transverse area as the lower vegion is approached, the newer chambers ceasing in
advance of the oldev.  This is characteristic of the genera Ocdina, Fuvia, Agaricio, Meand rina,
Manicina, and Isophyllic.  In Orbicdla, Solenastra, Siderastren. Cladocora, Astrangia, Porites,
and most Med repora, the polypal chambers ave of practically the sume sectional arca from hegin-
ning to end. though the truncation of the newer chambevs may oceur a little in advance of that
of the oldev.  In mature polyps of the last sevies of gencva, the hasal floovs ot the mesenterial
chambers may all occur at practically the same level, as if all had been cut ofl by dissepiments
formed simultaneonsly.

Pl V. fig. 42, vepresenting transverse sections through 7%,ites, shows how the central cavity
ix encroached npon by the spine-like, columellar projections: according to the level at which the
section is made, they may he either distinet or in continnity with the septa.  The presence of
synapticula vesnlts in a similar encroachiment on the outer regions of Niderastrwa, at the same
time leading to a disappearance of the peripheral portion of the mesenteries (Pl XXII).

The extent to which the gastro-caelomie eavity may be prolonged over the edge of the calieinal
wall, hefore it terminates at the line of conmunication with the adjacent polyps, vavies greatly in
different species.  In the oldev regions of colonies of Geul/na. the interval hetween one polyp and
the next may he a centimeter or more: the mesenteries may. howevev, cease hetore the spiral
line of union of contiguous polyps is reached. In Cludocora the outside of the theca may bhe
covered for 5 or 6 mm. by the fleshy tissues, and the mesenteries subdivide the inclosed chamber
for puactically the whole distance (PL VIL fig. 54).  The calicinal wall in Orbicelle and
Nolenastreea is prolonged but a short distance above the level at whieh the contiguous polyps are
mnited with one another. Just as the calicular- portion of the polypal cavity is partitioned and
intruded upon by skeletal growths. so is the navrower extracalienlar space: the mesenterial
continuations divide it into vertieal chambers, and costal ingrowths usually alternate with the
mesenteries, corresponding with the septa internally.  In Madrepora, where no peritheeal
mesenteries oceur. the space is broken up by eostate ridges, whieh are niore numerous than the
septa within.  Here. however, the skeletal vidges actually come into contact with the superfieial
wall and support it, and were it not for transverse communications the perithecal cavity would
be typieally represented by a series of distinet vertical canals.

SYNAPTICULA.

Synapticnla ave solid ealearcous hars of various form which unite adjacent septa weross
the interseptal loculus.  They are formed by the enkugement of granulations on oppoxite faces
of adjoining septa. growth continuing until the projections meet in the middle of the interseptal
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spiee and fuse, without the presence of any intervening soft tissues.  Intermediate stages in the
formation of indentations of the skeletotrophic walls lining the interseptal spaces are presented
by corals in which the septa beav ounly grunulations.  The complete skeletal fusion necessarily
leads to the piercing of the skeletotrophic tissues originally covering the eranulations, and by
means of which the calearcous additions wre made.  The mesentery contained in the interseptal
chamber is lHkewise perforated asa result of the skeletal growth across the chamber containing it.

Much diseussion has arvisen as to the systematic value to he assigned a synapticulum, accord-
ing as it is completed by the simple enlargement of two granulations, or by the intercalation of
one or more additional centers of growth. The former have been termed by Pratz (1852)
* False synapticula,”™ and the latter *True synapticul.™  The polypal tissues themselves show no
distinction. according as one method or the other is followed. and for discussion as to their
importance in skeletal morphology the works of von Koch (1896, p. 259), Ogilvie (1896, p. 184),
and Vaughan (1900, p. 47) among others may be consulted.

The genus Siderastrea is espeeially favorable for a study of the relationships of the polyp to
these characteristically Fungid structures (Pls. NXX1L XXT11H).  In the corallwm of Niderastra o
the synapticula are seen as vertical rows of short. thick. nearly circular bars, stvetching from
one septun to another across the interseptal space. and mainly vestricted to the peripheral
region of each corallite.”  Upon decaleification of a polyp the soft tissues remaining are found
to be made up of a large number of radiating vertical kunellie.  Iu the upper region these are
united centrally. but are mostly free from one another helow, and all terninate at about the same
level. The complete separation of the lantellae results from the fact that in the lower region of
cach corallite the septa extend all the way from the calicinal wall to the central columella, and,
uniting with the latter. wholly cut ofl one septal loculus from another.  In its natural state
ach lamella is separated hasally from the lower part of the corallim by a delicate horizontal
dissepiment, exactly as in other corals, exeept that'the dissepiment in its course may encounter the
synapticula.  The lumelle thus represent the interseptal polypal tissues freed by decaleitication:
ach consists of two lateral walls which lined adjacent septa, and above contains a single mesentery,
while below it is empty.

A surface view of an isolated interseptal Lunella. shightly enlarged. is represented on Il
NXXIIL fig. 152, The edge to the right isx central in yvegard to the polyp.  For nearly the whole
of its length the lamella is perforated toward its peripheral horder by three vows of round or
oval apertures.  Smaller lamelle may bear only two rows of perforations. while again there
may be four more or less complete rows in some of the kuger polyps. The apertures in the
lamellie represent the spaces which before decaleification were pierced by the skeletal synapticula,
and in cach corallite the increase takes place above and centrally.

Various sections of polyps of N. si/dercq ave represented on P XXIILL and from these the
relations of the fully formed synapticulum to the polyp asa whole can he ascertained.  In both
transverse and vertical sections each intevseptal chamber appears as if composed of several
wholly distinet segments, the skeletal matter which separates them representing the synapticula.
Some of the chambers are wholly or in part occupied by a mesentery. while others are
cmpty: in the few instances in which the seetion of a chamber does not include a perforation,
or rather a synapticulum, the loculus is complete from center to periphery. .\ consideration
of the varied appearances which would result from sections at ditferent levels througlh the
complete famella (fige 152) will aid in an wnderstanding of the appearances presented by the
ditlerent interseptal chambers. The synapticulanever wholly isolate any portion of the internal
cavity. though they must interfere with the eflectiveness of the peripheral eireulation.

The sections further demonstrate that a gradual atrophy of the mesenteries takes place in
the lower and peripheral parts of the polyp as these become invaded by the synapticuda.  In the
uppermost polypal regions all the mesenteries are attached to the colummn wall and disk, and six
pairs extend inwardly as far as the stomodaum: but a little below the level of the stonodeim
the peripheral attachment becomes lost, while in the lowest sections no part of the mesenteries
whatever remains.

@ For excellent representations of the synapticula in Niderastraa see Miss Ogilvie’s paper, 1896, pp. 180-182,
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-All stages in the resorption of the lower parts of the mesenteries can be observed.  Where
the wction is in progress the peripheral edge is free and tapering, although the mesentery was
originally attached by this to the wall (fig. 158).  The mesogleea is seen to break up into distinet
pieces, and  the endodermal epithelimn is in diiferent stages of disorganization: terminal
fragments appenr as if about to break ofl. and oceasionally free particles are met with.  The
mesenterial débris thus set free 1x evidently injested by the endodermal epithelimn lining the
chambers, tor the layer is here of exceptional thickness and the lurge cells are crowded with
eramtles and irregular fragments, which eclosely reeall those given ofl from the disintegrating
niesentery.

Fie. 153, taken from a retraeted polyp, reveals that the mesenteries do not extend as far as
the most peripheral chambers, although the region represented is no lower than the stomodanni.
In some eases a fragment of the mesentery may persist in the second chunber, but its imperfect
character indieates that it is about to disappear: even where the section does not actually
enconnter a synaptieular interrnption the peripheral tissue is atrophied.

In the tangential section. fie. 156, the mesenteries all extend vertically beyond the first
transverse rows of synaptienla. hut in the chambers below they begin to exhibit the varions
stages in absorption.

That the mescenteries are actually piereed by the synapticular formations is manifest from
the preparations. When serial sections are passed in review, it is seen that the mesentery
wholly surrounds the upper and more central perforations left by the removal of the synapticula,
and frequently the mesenterial mesoglea hecomes swollen, and presents striated areas, such as
are formed by the desimoeytes where a mesentery is inserted on the calientar wall (fig. 157).

Miss Ogilvie has attributed an altogether ditferent origin to the synapticula. in her aceount
of these struetures in Fungie and Niderastrea.  Commenting (p. 170) upon Bourne’s deseription
of the synapticula in Fung/a. she states: **The umportant point is that they neither ~interrupt’
nor * pieree’ the mesenteries.”  Further, it is assmmed all along that the body wall is speeially
invaginated from below to produce them? Had an examination of the actual polypal tissues
been made it ix impossible to see how any support could have been addueed for sueh statements,
any more than would be fortheoming for the production of simple tubereles on the septa.

Professor Bourne, in his paper. ** The Anatomy of the Madreporarian coral Fiaigia™ (1887),
also describes somewhat similar mesenterial relationships in the genus /Fungia. only here the
svnapticula are in xingle vertieal or oblique hars, not in vertieal rows, as in Niderastraa.  In the
npper regions of the interseptal chambers there are no synapticula, and the mesenteries are free
to radiate ncross the whole space hetween the stomodieum and the periphery of the disk, but in
the lower portions of the loculi the continnity of the mesenteries hecomes interrupted by
the synapticula.  Owing to the much larger number of vertical hars across the broad septa
of Fungia, the intersynaptienlar cavities in sections greatly outnumber those of Niderastrea.
and the mesenteries do not extend wholly across any segment. heing represented by a small
projection at each extremity of the chamber (Bourne's figs. 13, 15). Bourne’s explanation
(1587, p. 19) of the significance of the synapticuli, that = physiologically they seen to serve
as stays or buttresses. ¢iving solidity and coherence to the corallmn.™ ix probably the nost

eorrect of any vetoffered. From the disappearance of the mesenteries helow. almost guerd passie
with the development of the syvnapticula. the circnlation of the digestive fluids and tnnetional
activity within the synapticular region hecomes diminished. and it is very doubtful if. as Misx
Ogilvie (p. 171) snggests. the main advantage ix that *an inereased endodermal surtace is
afforded within the visceral eavity.™

@ Acting upon this suggestion of Miss Ogilvie, Delage and Héronard, in their “Traité de Zoologie Conercte, Tome
11, pt. 2, Les Ceelentérés,”” 1901, have constructed two ingenious diagrammatic figures (pl. 62, figs. 1, 2), attempting
to show how the basal infolding of the soft wall of the polyp proceeds in the formation of both bar-like and lamellar
synapticula.  The polyps of Siderastrid give no sapport whatever for such a conception.  From the interseptal
lamella represented on PL XXII, fig. 152, it ix manifest that cach synapticuluin is formed independently of the
others, not Irom a continuouns infolding of the basal part of the skeletogenic layer, as Ogilvie and Delage & Hérouard
assume.
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Where the mesenteries are pierced and fixed by synapticula it is manifest that their retractile
power will he lost: hence, only centrally and above will they still be able to extend and retract.
With this. pevhaps, nay be associated the fact that the polyps of hoth Niderustrea and Agaricia
ave able to expand above the corallum the least of any species coming under observation.
Cotonies of the former have been kept in aquaria for months, and the polyps raise themselves
but little above the corallum.

COLUMELILA.

If the aboral surface of a coral polyp be examined after decaleification, either as a whole or
by means of sections, its middle affords certain indications as to the nature of the columella. If
the calcareous tissue in the center of the covallite be elevated and solid. it intrudes, as it were,
into the central basal part of the polyp. just as the septa intrude radially, and upon its
removal a conical chamber remains.  The soft tissues of fhe interseptal loculi are then wholly
distinet fromr one another, for a greater or less vertical distance from the base, and in transvevse
sections the loculi ave separated both laterally and centrally (figs. 55, 84). The calcareous
deposit mn these cases extends radially from without the boundary of the polypal tissnes to the
central deposit.  If, on the other hand, the middle of the corallite he occupied by a spongy or
nerely convoluted calearcous mass, irregular chanibers remain, which represent so much of the
gastro-ceelomic cavity of the polyp, and serve to maintain the diffevent interseptal loculi in
cominunication (fig. 142).

The details represented by polypal sections, however, atford no evidence as to how the
columella has been produced, whether as an upgrowth of the floor of the corallife, or by fusion
of the free edges of the septa. or by both combined. This can best be ascertained from an
examination of the skeleton itself.

ORDER OF APPEARANCE OF SEPTA.
PROTOSEPTA.

In accordance with the division of the mesenteries into Protocnemes and Metacnemes, the
septa appeaving in association with them will be described as ** Protosepta™ and ** Mefasepta ™
respeetively.  The protosepta will include the six primary septa appearing within the primary
entoceles, and the six septa which appear within the primary exoceeles: all the succeeding
septa, arising within the entoceles o1 exocceles of the later mesenteries, will be metasepta.  The
septa within the divective entocceles are known as =* Directive Septa,” and are axial in position.
Sometimes, as in Hudrepora, these ean be distinguished from the other protosepta by their
greater ov less size, and thus give a marked bilateral charactev to the calices.

Prof. H. de Lacaze-Duthiers (1873) was the first to observe the origin of the primary septa
in coral larvie, his resecarches being conducted upon the simple, perforate coral, lstroides
calyenluris. The description and tiguves indicate that twelve independent septa appeared simul-
tuneously. one in each mesenterial chamber, while thesyoung polyp was at the protoenemic
stage of development.  Apparently from the beginning each septum was constituted of three
pieces, arranged in a Y-shaped manner, the biturcated end being peripheral.  Prof. G. von Koch
(1882) subsequently obtained similar results for this species, at the same fime fully establishing
the ectodermal origin of the skeleton.  In a paper, ** Evolution du Polypiev du Flubellum
anthophyllon.” Lacaze-Duthiers (1894) refers to voung specimens of this species with only six
septa and six tentacles, and in later coralla, where twelve septa occur, the members of the second
cyele are much smaller than those of the first. G von Koch (1858) had previously demounstrated,
by means of serial sections of adult coralla, that /7abellime at its cavliest stage is provided with
only six septa, and that an alternating cyvele of six appears later.

In one of his last works on corals, Lacaze-Duthiers (1897) makes further important contribu-
tions to our knowledge of the early stages in the development of the septa. so far as the proecess
can he followed by obsevvations on the living polyp and macerated coralla. A very complete
series ave given, illustrating the appearance of the septa tn Bulanopliyllia regia, as well as notes
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on those of Curyophyllic and other forms. The cornls Leptopsaoimic and Cladopsamonin, in
addition to .Istroides and Dalawoplyllic, were found with twelve primary septa appearing
simultaneously.

Prof. (i. von Koel's paper (1397), on the development of Caryophyllic cyathus, indieates
that in this imperforate eoral the six entocwlie septa are the first fo appear, and are early
attached to the theea, which arises a lttle later and independently of the septa.  The alternating
exoceelic septa appear somewhat later than the entoecelic, and like them are uniform in size, but
shorter in their radial extent.  The basal plate preceded the development of the septa, appearing
at first as six independent, somewhat triangular, calearcous deposits, which afterwards fused
with one another.  Here. again. the protocnemes alone are developed, and only as far as the
Fdirardsia-stage. the fifth and <ix pairs being incomplete.

My results on the origin of the septa in the fissiparous coral MNawicina areolata, so far as
they go, coineide with those of Lacaze-Duthiers and von Koeh.  The septa appeared as
upgerowths of the basal plate, covered on botlt sides by the basal wall of the polyp (fig. 137). The
first *ix septa appeared simultaneously, within the entoceeles of the larva at the Zidwardsia-stage
of mesenterial development (fig. 135): on the other hand, no exoccelic septa had arisen when the
voung polyps were preserved, althongh an interval of over a week had elapsed since the appear-
ance of the entoecelic members, There is good reason to suppose, however, that the primary
exoceelie members never appear in Junicina, as exoceelic septa seem to be absent from the
adult.

In numerous polyps of Siderastraa radians veared from larva, the six members of the
primary cyele of septa appeared zimultaneously. within the six primary entoceeles, three or four
days after fixation of the larva, and in praetically all cases were equal in size.  Kach septum
was at first a simple lamella, with the upper edge distinetly serrated, and the lower edge flat and
adherent to the glass to which the polyp was aflixed. A day or two after the formation of the
first evele of entosepta. the six exosepta begun to make their appearance. in some cases practically
simultaneously, but in others in successive bilateral pairs from the dorsal to the ventral aspect
of the polyp (p. 492). Thus in fig. 12¢, a septum oceurs in each of the two dorsal exocewles, a
rudimentary member in each middle exoecele, while in the ventral chamber no <keletal formation
is vet apparent.  Figs. 4, c. although representing different stages, were taken from two different
polyps of the smne age. '

Tke voung polyps of Siderastraa in the end presented two complete eyeles ot protosepta,
a primary cyele consisting of six equal entosepta, and a =econdary cycle of =ix equal exosepta,
the latter series having appeared later and remaining a little smaller than the former. The
protoseptal stage was completed within the first fortnight atter the extrusion of the larve. In
the later growth of the septa the peripheral extremities assumed a Y-shape. the additional
portions :11)1’)0:11'ing in some instances as distinet formations, and in others as continuations of the
primary simple septun.

The above examples all agree in the tact that the six entoceelie septa arise simultancousty at
the developmental =tage marked by the presence of six pairs of mesenteriex, and with the
Edwardsian nresenteries alone complete.  Luacaze-Duthiers’ figures of  Dalanoplyllic regia
indicate that when the septa appear all the twelve mesenteries are united with the stomodwum,
hut no microscopic sections were made to confirm this.  In Adstroides, Balunoplyllic, and others,
the exoeccelic septa appear along with the entoceelie, but an intevval elapses in Curyophyllia,
Flabellum. and Niderastraa hefore this takes plaee. while in JManic/na they are wholly wanting.
Where exosepta are developed. the »ix members usually appear together. but in certain
polyps of .S, radians a decided dorso-ventral sueeession in hilateral pairs was followed.

The simultaneous appearance of the cyele or cyeles of protosepta in corals, and their
uniforniity in ~ize, are in marked contrast with the sm-g-v.\'sivv order of development followed
by the pairs of protocnemes. In no case do the septa appear until the six primary pairs of
mesenteries are fully established, and then the six members of the cycle arise together. The
septal sequence most nearly conforms with that of the tentacular. in which the members of 1 eoms-
plete eyele. or both inner and outer eycles, appear together,
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It must be horne in mind that the protocnemes are practically established at the time the
larva settles, and that no skeletal formation takes place hefore the sedentary stage is assumed.
During the subsequent growth of the coral, the new septa (metasepta) are found to arise in a
dorso-ventral succession, approximately par/ pussu with the pairs of mesenteries, and it may be
conceived that if the lurvee settled with only a few pairs of mesenteries developed then the primary
septa would show a corresponding succession in their appearance.

In most adult polyps of Porites and Madrepora the protoseptal stage is retained, six ento-
ceelic members and six exocwelic forming a larger and a smaller ¢yele.  Very often some of the
twelve septa are wanting, and usually one or hoth of the directive septa are much larger than

F16G. 12,
s tra s.—=eries illustrating the development of the protosepta in larval polyps.  The onter white ring represents the epitheea.
12l cntosepta arc nt, developed simultancously. b, Fix equalsmaller exosepta now oceur, also developed simultaneously,
1d alternating with the six primary entosepta. e, Suceessive appearance of the exosepta from the dorsal to the ventral aspect of the
Pt ed 11 T

the lateral. thus exhibiting a bilateral syunetry, corresponding with that of the mesenteries and
tentacles.

The voung bud of Madre pora, vepresented in section on Pl 11, proves that in asexual
orowth all the protocnemes may make their appearance before septal development commences, so
that it seenis not improbable that the protosepta may avise simultancously in bud as well as in
Lurval polyps.

[t is manifest from the examination of buds of other genera that the septa occur in accordance
with the nunmiber of the mesenteries at any particolar stage, or at any rate their downward

xtension ix in conformity with the mesenteries present. It is found that as the mesenteries
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disappear downward =o do the septa: or conversely, us the pairs of mesenteries inerease in nuni-
ber the septa follow.  This is well shown in the series of sections of the bud of Solenastraa
on Pl. NII.  In the trmsverse seetion, vepresented in fig. 89, nine protocuenies are present,
and the sume nmaber of alternating septa. the latter indicated by the septal invaginations.  Only
one representative of the incomplete fifth and sixth pairs (V) occurs at the stage, and with it is
associated a smatler septum.  This mesentery disappears @ few seetions below, and then the
septa become octameral. in corvespondence with the four pairs of mesenteries renining: as
others of the mesenteries disappear the septa are found to follow. and in the last scetion obtained
(fig. 90y only six mesenteries and six septa oceur.

Whatever be the arrangement of the septa in adult corals, all the evideuce seems to indicate
that either six or twelve protosepta constitute the fundmmental plan for all Madreporaria,
whether recent ov extinet.  Thns, by means of serial sections. Prof. GG, von Koch (1859) has proved
that the coral Curyophyllic rugose. which Moseley (1581), from his stodies of the adult, first
deseribed as octameral, is really hexameral in its early stages. At first. six septa of the primary
evele are present. then six septa of the sccond eyele. and it is only with the appewrance of a third
evele that modifieations are introduced which lead to the produetion of the adult octameral
condition. Lacaze-Duthicrs (1804) refers to the eight or ten systems of septa exhibited by
Flabelliam. yet the eavly stages are typically hexanierous.

Lindstron’s vesults in regard to the coval Dwncania are also of the same character.
Pourtalés (1871) regarded this in the first instance as a living member of the order Madreporaria
Rugo=a. With regard to the tetiamerism of its septa, Lindstréom, as quoted by Pourtalés,
writes:

** There seems to pe no reason to class this species, Duneania, among the Rugosa, which
eommonly are considered to have four septa of the first order. In making a thin section of the
apex of a Duncania I distinctly saw six septa of the first order, which met in the center.™

There ix also evidence, from the results of Ludwig and Pourtales, that some of the Palweozoie
Tetracoralla exhibit a like hexameral primary condition. @

Solenastraa hyades is hexameral as far as the third cycle of septa, but the additious beyvond
this take place in such a manner as to wholly destroy sueh symmetry.  The septa of adult polyps
of Municina and Faria, which veproduee by oral fission, exhibit no hexameral plan, yet the early
stages have been found to be of this type. and such ean probably he assumed of fissiparous corals
cenerally.

The instances ave suflicient to show how little importance can be attached to the disposition
of the septa in the adult coral, when discussing the broad relationships within the group. The
whole history of any form must usually be known before its true nature can be determined,
or any great importance assigned its adult peculiarities.  The soft parts atford the surest guide
for niorphological comparison, from the greater certainty with which the relationships ean be
determined, owing to the many structural details available for correet orientation.

It has already been shown that. as regards the appearance of the twelve protoenemes, there is
evidence of practical uniformity throughout the Actiniaria and Madreporaria: the several diver-
gences in the later mesenterial sequence, distinguishing the great groups, make this theiv starting
point.  As regards the septa. also. there is good reason to expect that the six or twelve proto-
septa will be found characteristic of hoth living and extinet corals, and that all the numerous
types of metaseptal sequence likewise make this their point of divergence. The distinetive
characters of the prineipal divisions of the Zoantharia are not manifest from the beginning., hut
from the completion of the protocnemic stage.

METASEPTA.
The endeavor to establish the order of appearanee of the septa beyond the primary stage

preseuts many difficulties; no uncertainty can possibly arise as far as the protoseptal stage. hut

«The subject is further discussed in a paper: ‘‘Relationships of the Rugosa (Tetracoralla) to the living Zoan-
thewe,”  Johns Hopkins Univ. Cire., vol. xxi, no. 155; also, Ann. Mag. Nat. Hist., ser. 7, vol. x, May, 1902,

Vol. 8—No. T—7
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it 1x doubtful it the next step in septal development ix yet fully understood. Milne Edwards
and Hainie (1857) fivst attempted with any degree ot thoroughness to determine the law govern-
ing the septal sequence of eorals, and gave expression to their general results in the well-known
figure on PL A of the Atlas aecompanying the ** Historie.™  'Fheir investigations, however, were
conducted almost exclusively upon adult coralla. the determining factors being the comparative
sizes and radial extent ot the different septa. The velative size and extent of the septum were
conceived to indicate the order of appearance: the largest, most developed septa, were the oldest
or tirst formed, the smallest were the last formed.

Prof. G. von Koeh, in the course of his wide and thorough studies of coral morphology, has
investigated the laws governing the order of appearanee of septa more fully than any other
writer. His results are largely fonnded npon the order of appearance and relative magnitude of
the septa in serial seetions of fully developed eoralla, a method far more likely to yield reliable
results than an examination of only the supertieial eharaeters of the ealiec. e coneludes that in
the main the law of Milne Edwards and Haime expresses the actnal faets ot the case—a new sep-
tumn always appeavs between two older septa, and ax a rule a perfeet evele is present before the
septa of the next cyele arise.

Untortunately, there is no aceount available of the order of development of the first meta-
septa in their relation to the mesenteries, and yet it is only npon this relationship that the prob-
lem ean he satisfactorily solved.  Both Lacaze-Duthiers and von Koeh deseribe suel early stages
in the formation ot the eorallum. but in no case is the relationship of the mesenteries indicated,

One ot the facts trequently emphasized in the present investigations is that the formation
of the septa tollows very elosely upon the appearanee ot the mesenteries. In ordinary cases,
whatever be the number ot nmesenterial pairs preseut. an entoseptum and an exoseptum arve
associated with eaeh.  This ix elearly shown in the serial sections of the young bud ot
Solenustrea (Pl X1II): the polyps ot clstrangio (e, 47). Phyllangic. and Cladocora (fig. 44) arve
also very instvuetive in this respeet.  The corvespondence in the number of mesenteries and
septa at all stages can be establizhed with the greatest certainty: it any mesenterial eyele s
incompletely developed so ix the septal.  In Menicine (fig. 132) and Dectinia septa appear as a
rule only within the entoceelie chambers, but one corvesponds with even the youngest of the
mesenterial pairs.

Transverse sections of Manicine sometimes reveal septal invaginations within the exoeclie
chambers, as in fig. 132, although by far the majority ave entosepta.  On following the seetions
toward the distal region, however, mesenterial pairs are usually encounteved whieh correspond
with the apparent exocelic septa secen below.  Thus the latter are really entosepta which in their
downward growth execed that of the mesenterial pair within whose interspaee they occur.
IL V. Wilson (18s8) states that the septa of Wun/eina may for a time he exoecelie, but it is
doubtful it higher scctions would not have revealed the corresponding niesenteries.  Bourne
(18393) also found a few exoewlie septal invaginations in Fungia, though only entosepta are the
rules here, again, it is likely that the more distal regions of the polyp would have revealed the
corresponding mesenterial pairs.

From an examination of a large muuber of stages in the growth of various species, it heeomes
manifest that the scquence of the septa hevond the protoseptal stage tollows very closely that of
the mesenteric suecession.  Knowing then the order of appearance of the mesenteries, that of
the septa can be determined also.  The metacnemes have been shown to appear, not a cyele at a
time, but in suecessive bilateval pairs from one aspeet of the polyp to the other. and the septa
must tollow a like sequence.  Although in the end the mesenteries and septa of any one cyele
beeome praetieally equal in size, yet the early stages render it evident that adult size does not
conform with order of appearance.

A difliculty arises, however, in connection with the exosepta. It has been established
throughout that the exosepta, like the exotentacles, alwavs constitute the last or outermost
eveles the entosepta form all the internal eyeles, the sum of the entosepta eorresponding with
that of the exosepta.  But at all stages in the development of most corals, from the protoseptal
stage onwards, exosepta occur.  The important question theretore arises, whether the exosepta
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of the ecarly stages beeome the entosepta of the later or adult stage, or whether the exosepta
remain exosepta throughout their existence. It is clear that whichever method is followed will
lead to very difterent fundamental results in formulating the law of septal sequence.

The former condition appears to be very generally assumed.  According to this, the six
primary exosepta are considered to represent the second order of entosepta found in the developing
coral in which the primary and secondary orders of mesenteries have appeared.  The outermost
evele of twelve septa, eonstituting the third eyele; would be exosepta. and represent new forma-
tions. alternating with the twelve older septa.  The twelve pairs of tertiary mesenteries on their
appearance would include these third-cyele septa within their entocwles, and thus the exosepta of
a previous stage would beecome the entosepta of a later stage.  The next eyele of septa would
consist of twenty-four exoewelic members alternating with the first, second. and third eyeles, and
on the appearance of the quaternary niesenteries these would likewise hecome entosepta, followed
by a fifth evele eomprising only exosepta.

My investigations so far give support to the view that the exosepta renwun exosepta
throughout, and that new entosepta arise with the new pairs of mesenteries. The results, how-
ever. are not yet sufficiently complete to fully establish the method.  Such a relationship agrees
with what actually takes place during the growth of the different eycles of tentacles: an exoten-
tacle remains an exotentacle throughout the life of the polyp. those appearing carly being dis-
placed by the later entotentacles.

ASEXUAL REPRODUCTION.

By far the majority of corals are colonial in habit, and in nearly all cases the colony is
produeed as a result of the non-sexual or vegetative reproduction of an original, sexually-formed,
simple polyp. 1t follows that in any study of the Madreporaria much attention must necessarily
he given to the various methods of polypal inerease other than by larvae.

Some few instances are known in which colonies ave formed by the direct union or aggrega-
tion of individuals originally distinet.  For these G. von Koch (1890, p. 376) employs the term
* Agoregated Colonies,” to distinguish thent from colonies produced by the budding or fission of
a single polyp.  Von Koch deseribes such aggregated colonies in the usually simple coral, Balan-
ophyllia reppncaria. and shows that in all probability they have been produced from originally
froe and distinet larvie whieh settled near one another, their skeletons afterwards becoming fused
in u common deposit.  Lacaze-Duthiers (1599) describes the production of somewhat similar
aggregations. “*boquets,” in certain speeimens of Caryoplyllia obtained from Port Vendres.
In the process of fixation of the larvie. of Niderastraa radians 1 have actually observed sueh
aggregations taking place, and have followed the formation of colonies therefrom as far as the
production of the tentacles and early stages in the appearance ot the =keleton.®

The foregoing, however, are only exceptional instances of colony formation, and need not be
further noticed in any general consideration of the subject.

The manner in which polypal inerease is brought about, whether by hudding, or by fission,
or both combined. varies greatly in different species, and is the main cause of the imniense variety
of form assumed by colonial corals.  So far as the resulting types of growth can be studied by
observation of the skeleton alone. they have heen deseribed by writers such as Dana, Milne
Edwards and 1laime. and Duncan. and an extensive terminology las arisen in connection there-
with.  Dr. A. Ortnann (1890). in hix paper ** Die Morphologie des Skelettes der Steinkorallen
in Bezichung zur Koloniehildung.” has summarized the methods of colony formation in a very
detailed manner, and at the close of the account applies the results in part toward a classification
of the Madreporaria. Von Koch. in various contributions, has also given much attention to
the process of coral budding, especially ax revealed by means of serial sections of the eorallum.
As the earliest stages in the production of any new polyp nust necessarily take place within the
soft tissues of the parent, the study of these should yield results of fundamental importance.

So far as the speeies of corals under observation are concerned, all the methods of asexual
polypal reproduetion ean be reduced to two types. which result in very ditferent morphological

@+ Agaregated Colonies in Madreporarian Corals.”  Amer. Nat., vol. xxxvi, 1902,
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conditions. I recognize vegetative growth only by budding and hy pssion. The ditlerences
menifested within cach division are mainly such as are dependent npon the position and method
according to which the process takes place, and these do not in any way modify the essential
distinetions between the two types.

When studying the mesenteries of adult polyps. two great divisions were determinable.
In one scetion, including the genera Orhicolla, Sulenastriva, Oculina, Cladocora. Astrangia,
DPhyllangic, and Niderastreea, the mesenteries of all the polyps in a colony were found to he
arvanged according to the regular, hexameral, eyelie plan, with two pairs of directives: while in
the other section, embracing the genera Faria. Diclocwnin, Tsophyllia, Manicina, Meandrina,
and (Wlpophyllic, the mesenteries have lost their hexameral eyelic regularity, including the
directives, and little more than a distinction into complete and incomplete pairs can be established.
It was further found that the first-mentioned group comprises genera whose asexual growth is by
gemmation, while fissiparity is charactevistic of the latter. In whatever position the buds are
produced, whether on the disk, upper part of column wall. intercalary, marginal, apical,
coenosarcal, or stolonie, matters not: the polyps retain a hexameral disposition of the organs.
Also, whether the products of fission assume an mndividuality. or remain as constituents of a
complicated system. makes little difference as regards the irregularity of the arrangement of the
mesenteries, tentacles, and septa.

This fundamental difference in the adult polyps of the two groups seems to be determined
by the fact that in gemmation the polyp as & whole is formed practically as a new individual,
whereas, in fissiparity. some parts at least of the essential organs of the new polyp are obtained
fully formed from a parent polyp. In the one case the polyp as a whole is free to develop
according to u definite plan characteristic of the species, while in the other new organs are to he
added and adapted to parts already formed, and fissiparity may again take place hefore any
second regularity has been established.  Growth in the one is altogether new, and in the other
it ix patchwork-—some regions new, some regions old.

It has not been possible to determine whether in every case of genination the mesenteries ave
formed wholly independent of those of the parent.  In some instances they certainly are, and in
others it seems very probable. In very voung buds the mesenteries are already found to be
wholly cut oft from those of adjacent polyps. and the bud is free to develop as symmetrically
as any sexually-produced polyp.

Either one or the other method of growth is in the main characteristic of any species;
sometimes a case of simple fissiparity may be found in a speeies where gemmation prevails 2 as in
Mad repora and Porites, but the converse has never been found—that is, the production of buds
where fissiparity is the rule.

Intermediate stages are not wanting which seem to indicate how the passage from the one mode
of colonial growth to the other has been brought about. In corals like Cladocora and Oculina
the buds vsually arise toward the upper extremity of the column wall, and it is easy to understand
how gemmation may overstep, as it were, the usual boundary and occur on the discal wall.  Such
apparently happens, tor occasionally polyps of €. arbuscule and O. diffuse ave found in which
two oral apertures are inclosed within one system of tentacles, and a common column watl and
theea oceur.  In such cases the two polyps may be equal, or one may be larger than the
other. Microscopic examination of these shows that the normal hexameral regulavity of one of
the polyps. along with the presence of two pairs of directives, has in no way been disturbed, and
the other polyp i either perfectly hexameral, or evidently on the way to hecome so.  Such double
polyps can certainly not bhe vegarded as fission products. at any rate not according to the plan
followed where fiszsiparity prevails.  They seem best understood as discal buds, or as examples
of fissiparous gemmation (see foot-note).

It ix but one step from discal budding to oral fission. or pevhaps the conception may be

“The oceasional instances of simple fission in corals reproducing by gemmation have since been found to be a
modified form of budding, which I have termed ¢ Fissiparons GGemmation’”; the products are altogether different
from those in ordinary fissiparous growth, being eyelical, hexamerous polyps, with two pairs of direetives. This
discovery greatly strengthens the sepuration hetween the two groups of corals. ¢ Morphology of the Madre-
poraria.—IV. Fissiparous GGemmation.”  Ann. Mag. Nat. Hist.  (In press.)
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simplitied by regarding the latter as stomodwal budding: but, as already stated. the step
involves an important morphological distinetion.  Although the stages in division of the mouth
or stomodeum have not been actually observed, the results to be detailed helow prove conelusively
that in fission the stomodweal wall ix actually divided into two equal or unequal parts, and that
the complete mesenteries inserted on each part go along with it, and help to form the new or
danghter polyp.  The plane of tission is entoewlie, and usually at right angles to the directive
plance and longer oral axis: hence, only one pair of directives is retained by each of the two
primary daughter polyps (p. 505).  Were fission to proceed no further in all probability the
mesenteries in their later growth would assutie the hexameral plan, and the polyps would only
differ from a larval or hud polyp in having but one pair of directives. In most instances,
Lowever, the daughter fission polyps are again subjected to fission, so that they never attain a
truly regular eyelic character,

The process of polypal gemmation and fissiparity, as revealed by individual species. will
be briefly deseribed.  Madrepora, Solenastriva, and Cladocora will serve as examples of the
former, and Manicina and Furia as illustrations of the latter phenomenon.

BUDDING IN MADREPORA.

Mudrepora is a favorable form on which to study extratentacular gemmation, in a region in
which there is no peritheeal continuation of the mesenteries (ecenosarc).  The carly stages are
reproduced on PL 11, figs. 22-27, taken from longitudinal sections of a very young bud, a little
below the apex of a branch.

All the seetions represented ave from the left side of the median axix of the bud, but the
sections on the other side exhibit the same details.  The right end is upper in relation to the axis
of the branch on which the hud was situated, and the left end is lower.  Fig. 22 is from the median
dorso-ventral plane passing through the stomodieum and the axial entocwles. The polyp is yet
searcely ruised above the general surfuce of the ecnosare: the vidges above and below (right
and left in figure) probably indicate the commencement of the axial entoewlic tentateles, and the
included depression the central part of the oral disk.  Compared with that of the colony
generally, no histological difference is yet presented by the outer cctoderm.  Communication
between the exterior and the superficial canal system has just been definitely established, the
mesoglea of the ewnosare passing direetly into that of the stomodweal wall.  The stomodweal
walls hang freely within a superticial longitudinal canal, differing in no important respect from the
others around: but as the seetions ave taken in a longitudinal direction. the canals appear much
longer than in the case of transverse sections (PL L figs. 2-6).  The endoderm of the eanal has
undergone a marked alteration from that lining the canals and gastric cavity of the polyps. 1t
ix hroader. more strongly ciliated. non-vaenolated, and zooxanthellze are practically absent. though
present in the surrounding eanalx: long., narrow. supporting cells. with abundant protoplasmic
contents. are the chief constitnents.  As hest shown in tigs. 23 and 24, the endoderm of the canal
hecomes thinner and more normal toward the periphery of the chamber: the inner and outer
layers  ectoderm and endoderm—of the stomodweal walls are histologieally alike.

The stomodeweal wall for a few sections beyond that represented in fig. 22 appears as a
projection from the superfieial wall of the colony. hanging freely within the canaly the periphery
of the projection exhibits four vertical mesoglaal strands, connected with a lower transverse
strand.  Later, as shown in fig. 23, three central eavities appear and separate the ridges into
four distinet components.  The lower transverse connecting strand is the horizontal continuation
of the stomodkeal wall. and the vertical strands represent the mesenteries, not yet separated from
one another.  The stomodweal wall is continued, as it were, along the free edges of the mesenteries,
ax often happens in adult polyps. In the next section. fig. 24, the upper and lower (right
and left) projections have hecome free, hut the two inner are still united by the stomodwal
prolongation.

The two inner mesenteries afterwards, fig. 23, become free. and now the uppermost of
the four ix united with the boundary layer of the canal, and in the later scctions ceases to exist.
Immediately below the uppermost mesentery is a slight projection of the cwenosarcal endoderm
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surrounding a mesogleal axis. whieh represents a rudimentary mesentery: and a few seetions
beyond. another rudimentary mesentery is revealed.  Thus the six mesenteries of one side of
the adult polyp ot Mudrepora are aceounted for, four large and two small. The upper and
lowermost of the four complete mesenteries now begin to diminish in size. and in fig. 26
have disappeared at the place at which the skeletotrophic layer of the canal ix united with the
ceenosare: the uppermost of the two rudimentary mesenteries has likewise passed away.
There now remain only the two middle mesenteries of the larger four. and the lower of the
rudimentary two. and of the former. thé upper is mueh larger than the lower. The difference
is more marked in fig. 27, where the lower mesentery is disappearing, “again at the union
ot the skeletotrophie layer with the superficial wall; the rudimentary mesentery has already
disappeared. A little later, the remaining mesentery has united with the skeletotrophie layer,
and is =oon lost i seetions bevond.

The series of sections illustrates, in the clearest manner. that buds of Madrepora arise
along the superficial wall of a simple external canal. independently ot any structural connection
with the other polyps, though in communication with them by means of the canal system. The
six pairs of mesenteries are fully established before the tentacles appear, and the septa are as
vet wholly unrepresented.  The rudimentary stage of the bud as a whole would indieate that
very little time elaps<es between the development of the diflerent pairs of mesenteries, i,
indeed, they do not appear smultaneously.  Four of the pairs of mesenteries unite early with
the stomodwewm, probably originating along with it: the two remaining pairs are independent
ot the stomodeum throughout. The eomplete und ineomplete nature of the mesenteries thus
carly indicated is retained in the adult polyp: for a short distance the four larger complete
mesenteries are already united with the skeletotrophie tissues, but the others have a free eourse
from beginning to end.

The musculature at this stage is too rudimentary to afford any assistance in determining
which are the directive mesenteries.  But comparing the arrangement with that in transverse
sections of Madrepora (Pl 1), there can be no doubt that the tour pairs of mesenteries inserted
on the stomodweun represent the cight complete mesenteries, whieh in the adult extend along the
stomodieum, and that the two pairs of rudimentary wesenteries correspond with the free pairs,
Vand V1, of the adult.  The outer mesenteries, right and left. will he the directives 111 and IV,
and the two imner pairs, T and Tl will be the first and second bilateral pairs.  The right end of
the sections being upper or axial. and the left end lower or abaxial, in relation to the colony. it
is clear that the axial-abaxial relations of the complete and incomplete mesenteries are exaetly
as in an adult polyp.

Each of the eomplete mesenteries. on becoming tfree from the stomodwenm, is somewhat
club-shaped in =ection. but no sharp distinetion yet exists between the filamental portion
and the epithelium along eaeh face. or. indeed. from the endoderm of the outer wall generally,
On PL IL. tig. 20, is represented the mesentery from another bud, at a somewhat later stage,
showing the early development of the filament. The terminal region stains a little more
deeply than the lateral. owing to the greater closeness of the cells. and consequent greater
number of nuelei, but the tissue passes into that of the mesenterial endoderm by an insensible
gradation.  The gland eells and nematoblasts, eharacteristic of the adult filunent, are not yet
distinguishable.

The strong eiliation of the whole endoderiu in the bud, in the earliest stages of development,
ix probably to be associated with the greater need of bringing an extra supply of nutrient fluid
to the rapidly growing parts. while us vet the polyp is unable to take i food for itself through
the oral aperture. [t is only later. when direct commmunication with the exterior has been
established for some time, that the ditferent polypal functions beconie more restricted to special
regtons. and these exhibit corresponding histological moditications.

The subsequent development of the Madrepora bud takes plaee by an upward growth beyond
the general suvtace of the colony. In radial polyps the lower (suleular) region grows more
rapidly than the upper (sulcar), so that the former eomes to lie outside and the latter on the
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inside in regard to the axis of the branch. In this way the axial and abaxial relations ave
established.

Dr. G. 11. Fowler (I1S87. p. 12) has contributed some brief notes npon the budding of
Madrepora aspera (Dana), founded upon an examination of the soft tissues of the developing
polyps at the apex of the branches, while (i. von Koch, in his paper ** Die ungeschlechtliche
Vermehring (Knospung und Stockbildung) von Madrepora,”™ 1893, has made an important
study of the same subject. but more particularly with vegard to the skeleton. The short account
of Fowler indicates that the stomodweum is invaginated to a eonsiderable depth into the future
polyp eavity before it ix perforated. and also apparently before any mesenteries avise.  The first
mesenteries, already beaving filaments, ave formed froni the walls of the canals. apparently
independently of the rest of the polyp. the conneetion with the stomodieum being established
later. The process of gemmation in Fowler's speeies ix thus altogether different from that
in the West Indian Wadrepora.

Many attempts have been made to obtain the early stages in the gennnation of /urites,
but withont any material results.  Sections through polyps with six or elght tentacles show a
corresponding number of complete mesenteriex, but the remaining members necessary to
make up the normal six pairs are also present. though not developed to the same degree as
in older pol\'lw [t may be that in Porites. as in Madrepora, the full complement of twelve
protoenemes is pr oduced at a very carly stage and before the tentacles make their appearance.

BUDDING IN SOLENASTR.EA.

Among Astrean eolonies, sueh as Orhicdle and Solenastraa, new polyps may be either
interealavy or marginal in origin. By means of the latter the colony spreads laterally. while the
intercalary buds serve to occupy the larger superticial area as the colony visex in height.

The eariiest marginal buds ohservable in colonies of Solenastraa ave alveady separated from
adjucent polyps on the inner side by an external groove, while the outer side, forming the
peviphery of the colony. is neeessarily independent ut other polyps. Seetions made through one
of these mavginal buds. preserved in the expanded condition, reveal at different levels the details
represented on Pl XI1L tigs. S6-00. .

Through the transparent tissues eight perfect mesenteries were seen to he already developed.
but no tentacles were vet apparent. Fig. 86 is from a transverse section through the free
stomodxal region of the column wall. Al the protocnemes ave present. but only the eight
Edwardsian mesenteries are vet complete. while in the exocwle on each side of the dorsal
directives the rudiments of a pair of second-cyele mesentervies (X, A) are visible.

The section represented in fig. 87 reveals the conditions at the level at which the bud is
connected with the mother polyp on the inner side. but is free on its outer aspect: from the
arrangement of the mesenteries the outer side is seen to be the sulcar or ventral aspect. and the
inner the sulcular or dorsal border. The eight Edwardsian mesentevies alone bear mesenterial
filaments. and the retraetor muscles are suffietently well developed to enable the pairs of directives
to be determined. The pairs of metacnemes within the sulculo-lateral exoceeles wre hetter
developed than in the previous figure, and another pair (B) has appeared in the left middle lateral
exocele, but the corresponding pair on the right side is undeveloped, and at this stage mesentery
V has nearly (ll\.lpl)l’:ll'?d on the same side. The houndary wall between the bud and the fully
developed polyp is perforated in a number of places, and by this means communication between
the gastro-ceelontic cavity of eael is permitted.  The portions of the skeleton of the adult polyp.
added on the upper part of the section, represent the exsert septa. the polyp heing in an expanded
condition: the entoceelic septa are large and the exoewlie small.  No continuity between the
mesenteries of the bud of the adult polyp are represented in this ov any of the seetions.  To the
right. at the angle between the wall of the bud and the adjacent polyp, are the first indications of
another bud.

Fig. 88 ix taken from the region of the polyp wholly embedded in the coralluni. except for
a llllllt(d area on the right upper side: the bud polyp is now entirely separated from that
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adjacent.  On the right upper side of the directive axis the fifth and sixth protocnemes,
incomplete from the beginning. have now disappeared. as is also the case with the pair of
metacneimes on the same side.  Mesenterial tilamentsare no longer present on the dorsal directives
(IV. 1V), and the pair of metacnemes has also disappeared from the middle exoccele on the lett
side. but the dorsal pair (A), though very feeble. still persists.

The arrangement of the septal ingrowths, present as vet only on the left lower side, is very
instructive.  The largest ocenr within the entoceele of the pairs of directives: two are found
hetween the left dorsal mesentery and the mesentery ot the first bilateral pair (IV-II): two
between this last mesentery and the mesentery of the second bilateral pair (1I-T), while only one
appears between this and the left ventral directive (I-111). Three of the septal invaginations
are exocewelic. the exocwele of the dorso-lateral pair of protocnemes (11, V) is provided with one,
but the septum of the exocele of the ventro-lateral pair (L. VI) is as yvet undeveloped. The
entoceele of the persistent pair of metacnentes () also contains an invagination.

In the section from a still lower region, represented in fig. 89, fully developed filaments
are retained ouly on the first three bilateral pairs of protocnemes.  Only nine mesenteries are
present. the mesentery remaining in addition to the Edwardsian mesenteries is the fifth member
of the left side. .\ septum ocenpies each chamber between any two mesenteries, whether the
two constitute a pair or not; the septum in the entoccele of the left dorso-lateral pair is small,
and soon disappears along with mesentery V. 'The skeletal fragments within the middle of the
gastro-ceelomic cavity represent the first appearance of the columellar projections.

In fig. 90 only mere traces of xix of the mesenteries persist, the first pair being the strongest;
the nnmber of septa is also six. corresponding with the number of mesenteries. With one
exception the septa are all nuited in the middle, otherwise the gastro-ceelomic cavity is divided
into as many separate chambers as there are septa. '

Another bud of about the same age presents a different condition with regard to the
appearance. of the first two pairs of metacnemes from that just described (tig. 82). The
protocnenies ave at the Zilwardsiu-stage, and within each of the median lateral exoceles are the
rodiments of a bilateral pair of metacnemes (A, A), which are somewlhat better developed in
seetions below the stomodweun.

The tentacles in the bud have already appeared. and exhibit an interesting stage. Vig. 83
i taken from a slightly oblique section, the upper half through the free portion of the tentacles,
and the lower through their attachment to the periphery of the disk. The polyp was expanded
to such a degree that the peristome projected in a cone-like manner beyond the zone of tentacles,
and. as secen in the middle of the section. the Edwardsian mesentaries extend as far as the
stomodaeal walls.  Ten of the tentacles show a regular alternation of large and small ntembers,
and, superposing the section on that in tig. 82, the tentacles arising trom the entoceeles are seen
to be the larger. and those from the exoceeles the smmaller.  In place of the single median lateral
prototentacle on eacl side ave three tentacles, as vet incompletely formed.  These will be found
to correspond in position with the ineipient pair of metacnemes in the median lateral exocceles,
and zerve to establish that the metatentacles arise practically simultaneously with the metacnemes,
an entocelic and an exocwelic member together.

A third bud. somewhat older than either of the two described. was also studied. and the
details of its lower region are represented on PL XTI, fig. 91.  The upper right side is the border
toward the centre of the colony. and the lower lett side is the outer aspect.  The relationships of
the mesenteries, as before, show the inner border to be the suleular aspect. and the outer border
the sulear.  In the stomodial area six pairs of protocneines and six pairs of metacnemes occur,
and of the former all the pairs are complete on one side. but the members of the fifth and sixth
pairs are incomplete on the other side.

In the region represented only four pairs of the metacnemes ocenr, the two pairs on the
upper lett side having disappeared some distance above. Mesenterial filaments oceur on the
Edwardsian mesenteries. but not on the fifth and sixth bilateral pairs: and septal invaginations,
both entoceelic and exoceelie, appear within practically all the mesenterial spaces.

The lower sections demonstrate the same relation as in the previous bud. namely, that ax the
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mesenteries disappear. so do the corresponding septal invaginations: the metaenemes disappear
first in unilateral pairs. the protocnenies in bilateral paivs.  In the anterior part of the seetion is
scen the heginning of another polyp.

Two somewhat older buds sectionized presented the following conditions: In onc only ten
pairs of mesenteries were developed, five complete and five incomplete, in regular alternation; in
the other eleven pairs ocenrred. six complete and tive incomplete.

The results thus hriefly indicated mmay be sunmavized:

(1) The polyps ot Solcnastraa. produced asexnally by gemmation, pass through the Ziardsia-
stage of mesenterial development, in which fonr pairs of the protocnemes are complete and two
pairs incomplete. just as in larval polyps.

(2) The metacnemes hegin to make their appearance before this stage is passed over, that is,
before the union of the fifth and sixth pairs of protoenemes with the stomodwmmn takes place.

(3) The first metaenenies appear along the polypal wall. at about the level of the inner termi-
uation of the stomodxm. as isocnemie pairs within the dorsal or sulcular primary exoeceles, but
in one case within the median lateral exoceeles.

(#) In relation to the colony as a whole the dorsal or suleular side is inner (axial), and the
ventral or sulcar onter (abaxial). The succession of the metacnemes is therefore dorso-ventral,
antero-posterior. or from the axial to the abaxial side of the bud.

(5) The mesenterial filaments and mesenteries disappear below inversely as the order of their
development: first, the metacnemes in unilateral pairs. then the protocnemes in bilateral pairs,

(6) In the same transverse section the growth on one side of a polyp may be slightly in
advance of the growth on the other side.

() The metasepta and metatentacles, both entoceelic and exoeelic, arise practically pare
passu with the mesenteries,

BUDDING IN CLADOCORA.

The young buds in (ladocora arbuscnla generally oceur singly toward the upper part of the
column wall of the terminal polyp of the sub-colonies.  What seems to be discal budding has also
heen found to take place, when both the parent and daughter polyps are surrounded by a con-
tinuons system of tentacles and a single column wall; but the extratentacular huds seem rarely to
arise above the level of the eorallite.  The reproductive power of any polyp is very limited, for
ax 1 rule not more than three or four polyps are connected in a sub-colony. and among these is
arely more than one immature example.  Each polyp in its turn may give rise to buds, either
hefore or after becoming distinet from the rest of the sub-colony. At a very early stage the
growth of the lower abaxial aspect of the bud is in advance of the upper or axial aspect, thus
giving rise to the obliquity of the polyps to one another.

Numerous extratentacular buds of slightly ditferent sizes have been studied, and in most
specimens eight complete and four incomplete mesenteries are already present, their arrangement
and museulature agreeing with that of the protocnemes in larve of the same stage. In one
case the fifth and sixth developmental pairs were absent, and. following the sections downward,
only four mesenteries were present a short distance below the stomodwnm; then two of these
disappeared: the two remaining, which represented the first developmental pair of mesenteries,
were continned much farther, and bore nesenterial filaments alimost to their termination. At
this early stage none of the mesenteriex were in any way connected with the extrathecal continu-
ations of the mesenteries of the parent polyp. so that evidently the buds arise on the colmmmn
wall quite independently of any of the other organs of the parent, as happens in Madrepora, and
as appears to be also the case in Solcastraa.

Pl VIIL fig. 651, represents a transverse section through a bud in which two pairs of metae-
nemes have appeared. in addition to the six pairs of protocnemes.  Owing to the difference of
level at which the corresponding details occur on the inner and outer surface, as a result of the
obliquity of growth. it is usually impossible to obtain all that is dexired in one section: the figure
i« therefore a combination of the inner and onter regions of sections at slightly different levels.
Above the bud is a portion of the edge-zone of an adjacent polyp.
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The sulco-snlenlar axis is a little to the side of the axial-abaxial plane. Only the eight
Edwardsian mesenteries bear mesenterial filaments, and these alone are complete. A pair of
metacnemes () have made their appearance in the exocele on each side of the sulear direetives:
they are feebly developed. and extend tor only a few sections below the termination of the
stomodaeunt. The three septa —two entosepta and one exoseptun —already developed at the
upper side of the bud are seen to he confinuations of the costie of the adjacent polyp.

Fig. 62 is taken from a bud at a somewhat lafer stage, preserved in a partly expanded con-
dition, so that sections could he obtained almost independently of the skeleton.  The specimen is
exceptional in that only five pairs of protocnemes are present, instead of the nsual six. The
directives lie in the axial-abaxial plane. and development is most forward on the onter abaxial
aspeet of the bud.  Five alternating pairs of mesenteries, belonging to the second eycle, have
made their appearance within the primary exoeweles, and the pairs exhibit a progressive order of
development from one aspect of the polyp to the other: the two lower pairs ave the largest, the
musculature is well developed. and meseuterial filaments ocenr at their free edge: the middle pairs
are smaller and without any trace of filunents, while the uppermost pair s quite radimentary.
Sections throngh five exsert septa ave shown at the lower bovder. and are both entocaelie and
exocwelic.

The seetion is of interest as indicating the tendeney to irregularities in the early formation
of the hnd. but more partienlarly as exhibiting the progressive developnient of the metaenemes
and their filunents from one side of the polyp toward the opposite side, and the appearance
of both entoccelic and exocwelic septa in connection with the metacnemes, pors passie with the
crowth of the latter.

The section represented in fig. 60 is throngli the protruding cone-like disk of a fully expanded
voung polyp, and is of importance as showing that the tifth developmental pair of protoenenes
may become complete in advanee of the sixth pair.  On the left side is scen the outwardly
reflected lower edge of the stomodwwn passing along the three lateral mesenteries, and the
ectoderm of the stomodieam has assumed a very symmetricat form.  Below the stomodeum the six
pairs of protoenemes are equally developed. and the six pairs of the first eyele of metacnemes
have alzo made theiv appearance.

Lxtratentacular genunation in (7udocora proceeds therefore exactly as in Solenastrea,
except in the one important fact, the metacnemic suceession is reversed. In the latter it is
trom the dorsal to the ventral snrface, while in the former it proceeds from the ventral to the
dorsal.  However, before this exceptional sequence in ( Zadocora can be regarded as established,
it will be necessary to confirm it on polyps arising directly from larvie,

Transverse sections were made through a double polyp of (7adocora, that is. one where two
oral apertures are surronnded by only a single system of tentacles and the two polyps have
only a common column wall.  One polyp was normally hexamerous, having two orders of
mesenteries, not much differentiated in size, and including two pairs of directives; it differs in
no essentind respeet from a normal simple polyp. A small polyp to the left is evidently a bud
which has arisen on the discal wall of an older polyp. and as yet is impertectly developed,
having only seven pairs of mesenteries, including one pair of directives.  In the stomodweal
region four of the pairs are conplete and two incomplete.

If the sections be compared with those of the fission polyps of Mewndrina and Fivia (p. 505,
¢t seq.) most important distinetions are at onee manifest.  In the two latter a normally hexamerous
polyp has become divided through the stomodienm into praetically equal halves, cach half
having only a single pair of divectives, while in (ludocore a new polyp is growing by the
side of another, which still retains the primary arrangement of the mesenteries, inelnding two
pairs of directives.”

FISSION IN MANICINA.

Manicina arcoluta is one of the most favorable corals on which to study the process of
continuous fission, on aecount of the readiness with whiel small colonies provided with only =

« The morphological signiticance of such double polyps in Cladocora and other corals has sinee been fully dis-
cussed in a paper on * Fissiparous Gemmation.””  See foot-note, p. 496,
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Fri. 13 (a-¢)

Series of diagrammatic figures illnstrating the mesenterial sequence in larve and larval polyps. «, b are taken

Manicina areolata.—Figs. 13
a, Mage with two pairs of protociiemes, one pair of which is

from H. V. Wilson's (15885 account of the development of this species.
b, Stage with three pairs of protocnemes, two pairs united with the stomodxum (cf.

united with the stomodieum {of. Wilson's fig. 18).
d, Edwardsia-stage. The larva is now fixed and remains

Wilson's fig. 27 , Stage with four pairs of protocnemes (of. I’ xix, fig. 134y
at this stage for a considerable time, during which the six entoceelic septa are developed, and also the two eyeles of tentacles (ef

Pl. xix, fig. 135). ¢, Stage with six pairs of protoenemes, all united with the stomod@um, and the first cycle of metacnemes
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Fi6. 13 {f, o).

Ma ecolal Mesenterial development in larval polyps continued. f, Seven pairs of metacnemes of the sccond cycle have now
INE 1 t it} nd eyele of twelve pairs of metacnemes complete The young polyps now very rarely exhibit perfect
regularit lie development being more advanced in some regions than in others. The members of the first eycle of metacnemes at

his s begin to unite tl v stomod@um,
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few oral apertures, and of u size suitable for sections, can he obtained. 11 V. Wilson (1888)
has traced the development of the primary mesenteries in the Luvae of this speecies, from the
first to the sixth pairs. and has also shown that in young polyps. provided with only one oral
aperture, the mesenteries are arrmnged in three hexanterous eyeles. The first eycle comprises
twelve pairs of conplete mesenteries, two pairs of which are directives: the second cyele also
contains twelve alternating pairs: and the third twenty-four. At this carly stage the polyps of
Minieine theretore correspond exactly, so far as regards the mesenterial arrangement, with
any nornul hexactinian Madreporarian ov Actiniarian polyp.  The diagrammatie figures on pp.
503, S04 represent most of the stages in the appearance of the mesenfervies of Manicina.  The
carlier sequences have heen already described (p. 450), so that attention need be directed only
to the later stages. which illustrate the phenomena of fissiparity.  In Kingston Harbor young
polyps of . arcolata, with the disk bearing only one. two, or four oral apertures, are not
infrequently found. fixed to older colonies of the same speciex. or to other corals or small
pebbles.

G, Ma.

Manicina arcolata.—Figs. 14, Diagrammatic figures illustrating fission. e, Polyp with two oral apertures, twelve pairs of complete mesente-
ries (1, 11), twelve alternating second-cyele pairs (111), twenty-four third-cyele pairs, and a few members of a fourth eyele.  Associated
with cach stomodzum are six pairs of mesenteries, three pairs of which are protocnemes, a pair of directives being at opposite
extremities. The plane of fission is within the entoceele of the middle pair of complete mesenteries on each side.

Fig. 14¢ vepresents the conditions in a transverse seetion of Manieina through the
stomodeal region of a polyp with two oral apertures.  The twelve pairs of complete wesenteries,
including the two pairs of directives, represent the first and seeond eycles of tig. 13¢, and comprise
two alternating orders. primary aud secondary, each of six mesenterial pairs; the twelve pairs
of large incomplete mesenteries constitute the thivd order, the twenty-four next in size a fourth
order. while here and there, at regions of most forward growth. occeur rudimentary pairs,
which are the first indications of a fifth order. The originally simple stomodweum has become
divided into two, and half the complete mesenteries of the primary polyp are now associated
with each stomodzeum. The plane of fission passes through the entocele of the wmiddle lateral
pair of complete mesenteries on each side, and a single pair of direetives at the opposite
extremities of the polyp remains attached to each stomodawunm.  The plane of fission is thus at
right angles to the directive plane, which is also the plane including the longer oral axis of the
simple polyp.
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Were the separation of the disk and colummn wall to he completed at this stage, across the plane
of fission, it is clear that two similar daughter polyps would be produced. In each ease one
moiety of the middle mesenterial pair of one side would form with the corresponding mesentery
from the other side a pair. attached to the side of the stomodweum opposite the divectives.  But
the longitudinal museles of the two mesenteries in each pair would be arranged o as to face one
another. instead of turning from one another, ax in the case of the directives: in other words,
the complete mesentevies of cach polyp would inelude only one pair of directives, and tive pairs
in which the retractor muscles are vis-a-vis.  The six pairs of complete mesenteries attached to
ach stomodaeum would then constitute a fivst cycle, the six large alternating pairs a second. the
twelve next a third evele. and the odd pairs would represent the commeneement of a fourth
evele,

The almost perfeet regularity in the number, arrangement, and extent of development ot the
nresenteries found in the above example appears to he rather exceptional. tor other specimens
of Municina sectionized reveal many irregularities.  Fig. 144 represents the mesenterial arrange-
ment in a seceond polyp. also bearing two oral apertures.  The details ave those presented by a
single section toward the lower termination of eaeh stomodaum.  The hexameral regularity has
heen altogether lost, or perhaps was never reached.  But here again the plane of fission passes
through the entoele of two opposite pairs of complete mesenteries, at vight angles to the direc-
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F16 14b.
Manicina areolata.—Another polyp with two oral apertnres. The mesenterics have entirely lost their hexameral eyelie regularity, and
of the protocnemes only the directives at opposite ends can be determined with certainty.

tive plane, and one of the two pairs of priomary direetives is found at each extremity.  More than
six pairs of complete mesenteries wre united with eaeh stomodicunt. ana only in two or three
regions of the polypal wall are any members of the second and third eyeles developed; the hex-
ameral eyelie plan will be entirely laeking in the daughter polyps as in the oviginal, and two
or more complete mesenterial pairs may oceur in suceession, without any alternating incomplete
members.  In the sections higher than the one vepresented other pairs of small mesenteries
oceur, but do not in any way assist towards the production of the hexameral regularity. At the
left end of the polyp two single large mesenteries oceur, without any eorresponding membev to
complete the pairs; higher sections demonstrate that one molety has simply disappeared in
advance of the other.

In a third bi-oral polyp studied the alternation of first, sccond, and third cycles of mesen-
teries was a little more regular than in the last example, but was by no means perfeet all round;
one stomodennt was provided with six pairs of complete mesenteries. while to the other eight
pairs were attached.

Young polyps of Wanicina with three oral apertures arve not so plentiful as specimens with
two or four apertures. It secms not, unlikely that after the first division into two, eaeh stomo-
dweum is again divided at about the same time, and thus the stage with three apertures would
rarely ocenr.
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Fig. 14eis a dingrammatic representation of the mesenteries in a JMan/eina colony with four
oral apertures.  The longer axis of any one stomodenm ix now in a different plane from that ot
others, and the two primary pairs of directives are widely separated, but still situated at the
opposite extremities of the colony: the two middle stomodwa have no directive mesenteries
inserted on their walls,  The plane of separation of each stomodweal system with one exception
passes throngh two entocweles. The rule holds so far as the divisions on the lower side are
concerned, hut on the left npper side the division plane is exocelic, a condition which is
probably to be regarded as an individnal irregnlarity.

The number of wesenteries connected with each stomodenm is inconstant; the stomodieum
at the right extremity bears twelve. the next fourteen, the third twelve, while that at the left
end has seventeen. The alternating incomplete pairs are still more irregnlar.  In one or two

F16. 14e.

Manicina arcolata.—Polyp with four oral apertures. The mesenteries exhibit a tendeney to an arrangement in alternate complete and
incomplete pairs. The regions of most vigorous growth are at the opposite ends, where also the primary directives are still situated
The fission planes are entoceelic, except for the irregularity at the upper left hand corner.

cases they are wholly absent from the exocwele between two pairs of complete mesenteries: in
many others only one pair occurs; while ina few chambers two or three pairs, representing the
second and third cyeles, are developed.  As in the previous figure, the tendency in the older
recions is toward a system of alternating incomplete and complete pairs, and only at places of
most forward growth are the third and fourth cveles represented.  The incomplete mesenteries
tnrther exhibit great variation in the extent of development at one and the same level: some
pairs are nearly as large as the complete mesenteries, while others arve rudimentary. The
variability is such as to indicate that when the members of the younger orders increase in size
they may ultimately unite with the stomodaum. and newer pairs appear in their exocwles.
Under such cireumstances it is scarcely possible to determine a eyelical plan.
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Che phenomena presented by the early divisions of Manicina clearly prove that fission actually
takes place in a plane at right angles to the long axis of the mouth and stomodxums otherwise
the regular distribution to cach daunghter stomodeum of six complete pairs of mesenteries.
derived from the primary twelve paies, with one pair of directives only at opposite extremities,
would be inconceivable.  Although among the many living colonies which have been examined.
examples in which the oral aperture or stomodanm was in the actual proeess of division have
not been observed, vet frequently two small mouths are found in close proximity. suggesting
that they have arisen from the splitting of a single larger aperture.

The later divisions in Monicina veveal that the fission of the stomodaewu. along with its
associated mesenteries. 1s not always median, or results in the production of equal halves.
Sometimes in living polyps a very small aperture will be found. as if cut off from a larger, and
only a few mesenteries are assoeiated with it compared with the number united with the latter.

FISSION IN FAVIA.

Furia fragum oceurs in some abundance on the reefs throughout the West Indies. forming
small. convex. hemispheroidal or irregular colonies, usually four to five centimeters in diameter.
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Fii. 15 (a-d).

Favia fragum.—Figs. 15. Diagrammatic figures illustrating the mesenterial sequenee and fission in larvee. @, Larva with three pairs of
protoenemes, of which only one pair is complete (¢f. Pl X1V, fig. 112). b, Larva with three protocnemic pairs, of which two are
complete (¢f. PL XV, fig. 113). ¢, Larva with five pairs of protocnemes, of which three pairs are complete and two pairs incomplete

PL XV, fig. 115). d, Larva at stage of fixation, with Edwardsian mesenteries complete and fifth and sixth pairs incomplete.

New polyps are added to the colony by division of the older polyps. apparently never by bud-
ding. A polyp sometimes exhibits two or three oral apertures on a single elongated or triangu-
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lar disk. surrounded by a single svsteis of tentacless and in the diflerent polyps of any colony
all stages can be traced in the separation of the results of fission. It is therefore a very favor-
able species for the study of polypal fission.  G. von Koch (1890) has already described the
process ax it occurs in the corallum of the nearly allied species, e carernosa.

Fortunately. also, in 70 fraqgun a1 complete series of stages illustrating the development of
the mesenteries within the larva and young polyp is available, a series extending from the larva
with only one pair of complete mesenteries to polyps with such a nunither ax results in fission.
The oldest stage reached by the mesenteries of the simple polyp is represented in fig. 154, but the
carlier stages may he briefly noted (figs. 15 (@),

The twelve primary mesenteries arve all developed at or shortly after the time of settling.
when the larva exhibits the conditions represented in fig. 15/, four pairs of mesenteries complete
and two pairs incomplete.  Free swimming larvee, extruded from mature polyps, are readily
obtained. but can with dificulty he induced to settle, and development proceeds very slowly.
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F16G. 15¢.

Fuavia fragum.—Young polyp with four pairs of metacnemes (A, A; B, B). The succession of the second-eycle mesenteries is bilateral, from
the dorsal to the ventral aspect (¢f. Pl. xiv, fig. 109.)

However, on foreign objects. such as dead coral or old shells, to which the mature colonies are
adherent. young polyps are sometimes found in different stages of development. These have
grown from larvie which on extrusion settled around the parent, and it was from sueh larval polyps
that the stages represented in the text tigures were taken.

Fig. 150 is from a young polyp in which fonr isocnemic pairs of mesenteries are present. in
addition to the primary twelve. In the upper stomodical region all the latter are inserted on the
stomodweal wall, but the tifth and sixth pairs become free before the termination of the stomo-
dzeum is reached. and at this place the protocnemes are in exactly the same condition as in fig. 15.
The four pairs of new mesenteries ave situated within the dorsal and middle primary exoceles
on hoth sides of the polyp, and the dorsal pairs are somewhat further developed than the mid-
dle pairs.

YVol. 3—No. T——S8



H10 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

Fig. 157 represents the mesenterial condition obtained from a transverse section through the
lower part of the stomodweum of another decaleitied polyp.  The six protoenemic pairs are now
T
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Fi16. 15/
Favia fragwn.—Young polyp in which all the pairs of protocnemes (1) are united with the stomodenm, and the six pairs of first-cycle
metacnemes (II) arc developed.
all complete, and six alternating pairs of metaenemes are fully established as a second cycle.
The next figure, from a somewhat larger polyp, shows the commencement of the third cycle of
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F16. 15¢.
Favia fragum.—Polyp with six pairs of second-eyele metacnemes (111). The suecession is from the dorsal to the ventral aspect.

mesenteries (fig. 15¢); its development also is proceeding by isocnemic pairs in a dorso-ventral
or antero-posterior order.
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The polyps of Zuriv growing direetly from larvie ave thus seen to follow a very definite
sequence in their mesenterinl growth, a sequence which bears the closest resemblance to that
characteristie of other lavrval corals which have been examined.  Fach is provided with two
pairs ot directives. and the mesenteries ave arranged in two or three radial eyeles, according to
the usial hexameral plan. Ttisatabout the stage vrepresented by fig. 15¢ that fission isintroduced.

Two larval polyps were secured. each provided with two oral apertures, but still sur-
rounded by only one system of tentacles and a simple column wall.  They thus represent the
arliest stage in fission. At such a stage the polyps nre very short, and rather irregular in form
when preserved. so that it is practically impossible to secure inone section the complete arvange-
ment of the mesenteries around the stomodinm.  The diagrammiatic tigures are therefore con-
strueted by combining the relationships of the mesenteries in the various serial seetions.  In ecach
polyp the stomodwenin has been divided thronghout its length into two distinet tubes, and a
definite number of mesenteries is assoeiated with eueh.

The mesenterial system of one of the double polyps is represented by fig. 164.  Compared
with the stage in fig. 15¢ two additional pairs of mesenteries have become complete, so that four
pairs are inserted on each stomodweum.  Instead of the two new complete pairs arising as a pair
on each side of the direetive plane, as considerations of symmetry would suggest, both are

=

situnted on one side of the angulated directive axis of the polyp, though from the section alone

Fi1G. 16h.
Farie fragua.—First stage of fission in a larval polyp.

it s tmpossible to say which of the four pairs actually represent the additions.  The members
of the second eyvele inelude only a single pair of niesenteries in each exocewele, exeept in the two
exocweles adjacent to the right pair of direetives. where third-eyvele pairs are developed.

The two polypal halves are thus nearly alike, the original single stomodaiun having been
divided practically down its middle. so that half the mesenteries are attached to each moiety.
The plane of fission erosses the directive axis, passing through the entocwle of two kateral pairs
of complete niesenteries on opposite sides.  Growth is taking plaee more rapidly at the upper
right side than elsewhere. and the pair of directives has thus been pushed to one side of the
median plane. ~o that the directive plane no longer divides the polyps into equal halves,

Were the halves to he completely separated at this stage. it is clear that a pair of mesen-
teriex would be formed in each new polyp. by the approximation ot a mesentery from the two
opposite sides. the musculature in the two moieties being on the faces turned toward each
other: an ordinary pair of mesenteries would be thus produeed, and each polyp would have
but one puair of diveetives. Thus, from the beginning. an important differenee in the nature of
the mesenteries would be established bhetween fission polyps and single polyps reared diveetly
from larvae; the distinction between the orders to whieh the mesenteries primarily belonged
also begins to be lost.
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Fig. 16/ vepresents the mesenterial plan in the second hioral polyp. In the living condition
one oral aperture was much smaller than the other, appearing as a mere perforation in the disk.
and sections reveal that a less number of complete mesenteries arve assoeiated with it than with
the larger. In the diagram the smaller stomodwnm i to the left, hut is represented equal
with the other. In the actual transverse sections it displays eight strongly marked vertieal
ridges. corresponding with the eight mesentevies attached to its inner side, while the large
stomodweum bears ten.  Here, again, it is seen that the plane of fission passes through the
entoceele of two opposite pairs of lateral mesenteries, and growth ix proceeding more vapidly at
one region—to the lower right—of the polyp than at another, so that the direetive axis does
not coincide with the longer diameter, but is turned toward the dorsal surface.

Attention may now be direeted to the fully developed polyps constituting a colony of Fuvia,
m orvder to aseertain what are the results of fisston upon these.  As alveady vemarked, the
matnre polyps are found to exhibit very varied conditions with regard to the stage of fission.
They are ravely circular in contour, but polygonal or greatly elongated. and at times deeply
angular: in the majority ot adult polyps only one oral aperture is surrounded by a tentacular
system, but sometimes two or three mouths occur on a single disk.

A transverse section of a decaleified polyp is represented on Pl. XT11, fig. 93, and indicates
much variability and irregularity in the disposition of the mesenteries. differing greatly from
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F1a. 164.

Favia fragum,—First stage of fission in another larval polyp.

the perfeet regulavity of the early larval polyps. 'The organs are paired throughout. hut
no regular hexanteral cyelic arrangement can he established.  Different stages of growth wre
represented in different regions: in some places there 1s an indication of a tricyclic plan, hut
move often only a dicyelic arrangement 1s manifest, and at times this ix obscured by three or
four pairs of mesenteries of equal ordinal value occurring together.

In the upper part of the stomodweum all the mesenteries may he complete, ¢xeept a pair here
and there in process of growth, but in passing downward some pairs become free in advance of
others, indicating that they are not all of the sune ordinal value.

The mesentervial paivs are always isoenemic, and the retractor muscles are invariably on the
faces turned toward one unother: in transverse sections of over a dozen polyps examined no
direetives occurved.

Adult polyps of the genera Zsophylliv (p. H49), Agaricia (ig. 161), Weeandrina (tig. 141),
Colpophyllic, and Dichocania (tig. 119) display a like ivregularity of mesenterial arraugement
and absence of directives.  The actual stages in fission have not been traced in these. but from
their prevailing mesenterial arrangement it” ix manifest that the process proceeds in the same
wauy as in the young polyps of Manicine and Fieria.

Several Aetiniae also exhibit the phenomenon of fissiparity, and certain investigations have
been made as to its influence upon the mesenteries and other organs.  Dr. G, . Pavker (1899) has
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given an account of the longitudinal fission in the common Actintan, Metridivm narg/natum
Milne Edwards, and shows that the asexually formed polyps do not reproduce all the features
characteristic of the sexually produced individnals.  [n some of the specimens examined, Parker
found that fission of the stomodwxeal tube was still incomplete, the organ heing Y-shaped, a single
inner end opening into the gastro-vasculur cavity, and the two outer ends opening each throngh
a distinet wouth on a single disk.  Generally in the fission specimens each mouth was mono-
glyphic (provided with only one gonidial groove), instead of diglyphic, as in normal forms; and
with the monoglyphic eondition was associated only one pair of directives.  No evidence was
forthcoming as to the formation of new siphonoglyps or new divectives in fission polyps, while
there were practically twice as many non-directive mesenteries in double specimens us in single
ones,  In any given case the assumed plane of division passed through either two primary
exocweles or two entoceles. never a primary entocale on one side and a primary exoewle on the
other. The production of regular hexamerous diglyphie specimens by non-sexual methods was
not observed: such specimens were found to number about one-fifth of the total eollected, and
are with good reason assumed to be the products of sexual reproduetion.

The West Indian stichodactylinous anemones, Aetinotrys sancti-Thone Dueh. and Mieh.,
and Ricordea fordda Duch. and Miel.. also reproduce by diseal fission, and frequently more than
one oral aperture ix present within a single tentacular zone. In the latter speeies as many as
seven mouths have been found on a single disk, thus recalling such a eoval torm as Manicina.
Professor MeMurrieh’s (1880¢) unatomical studies of these two species, and also mine (1900), have
shown that the mesenteries in both speeies are irregularly arranged, and in some polyps no
direetives oceur, while in others only one pair is present.

The results on polypal fission in corals may be thus summarized:

1. The larval polyps of fissiparous species develop for a time like other hexamerous speeies.
Before the introduction of fission the mesenteries are regularly wrranged in two or more alter-
nating hexameral eyeles, and two pairs of directives are present.

2. The first fission plane passes through the entocwle of two lateral mesenterial pairs,
approximately at right angles to the directive plane and longer oral axis, and divides the
stomodwwm and the mesenteries attached to it into practically equal halves, so that only one
pair of directives is inserted on each stomodweal tube.

5. For a time the products of simple fission continue their development according to the
regular evelie plan, but before long fission is repeated, and each stomodeum and the mesenteries
associated with it may be again divided into equal halves, or one part may be larger than the
other.  1n probably every division the fission plane is ineluded within two opposite entoceeles.
At an early stage in the development of fission polyps growth may proeced more rapidly at one
region than at another, and thus introduce ivregularities in the eyclic plan.

4. Bevond the two primary pairs no new directive mesenteries are ever introdueed, so that in
any fissiparous eolony. however large. only the protocnemic divectives oceur, situated widely
apart, at what may be regarded as the two morphologieal extremities of the colony.

With such results before one. it is clear that eare must he exeveised in attempting to establish
relationships from the absence of one or both pairs of directives in mature polyps of both corals
and Actinians.  The history of the individual polyp must be taken into account before sueh an
oceurrenee can be regarded as a specific peeuliarity.  As a general rule, one would he justified
in asswning asexual reproduction by fission for polyps with only one or no direetives, especially
if accompanied by irregularities in mesenterial growth.

FISSION IN PORITES.

Polyps displaying a bioral disk are very rare on colonies of /wrifes.  After an examination
of scores of living colonies of all the West Indian speeies, only a single example exhibiting this
coudition has heen found. although polyps showing an inerease of tentacles beyond the usual
twelve are by no means scavee: trom these all stages in the development of the mesenteries
bevond the primary six pairs arve readily secured.  These proportions present a marked contrast
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with those of the elosely allied polyps of Madrepora: enlarged polyps are frequently found on
colonies of Madrepora, provided with two oral apertures, and twenty-four mesenteries are
already present at one stage or another of their development.

For the most part. the enlarged polyps of Zorites are circular in seetion, and any inerease in
the munber of tentacles mervely results in the enlargement of the polyp, withont altering its out-
line. The polyp with two oral apertures had, however, assumed an oval form. but the tentacles
remained disposed in a single eyele. as in ordinary polyps.

In a former paper (Johns Hopkins Circulars, June. 1900), and again on p. -H6, it is shown
that in Z/tes the increase of mesenteries beyvond the protocnemie stage takes place axially, by
the addition of bilateral pairs within either of the directive entoceeles, and that in the end they
constitute both isocnemie and anizoenemic pairs.  In some polyps the new mesenteries are added
within the dorsal entoceele, and in others within the ventral entoeele, bnt never within hoth
chambers in the same polvp.  All stages from the oceurrence of a single pair of new mesenteries
to six pairs have been already described.

Serial transverse sections of the Z2rites polyp displaying the hioral condition were prepared,
and by studying these at different levels the arrangement of the mesenteries represented in

[ PSR .

Fi1G. 17.

Porites.—Diagram illustrating polypal fission in a bud polyp. Within the entoceele of the ventral pair of directives (111, 111) six bilateral
pairs of mesenteries (a-f ) have appeared, and the stomodum has been divided into two distinct tubes. The complete and incomplete
pairs of mesenteries and the museulature are so arranged that when the two polypal halves separate, each polyp will have six pairs of
mesenteries arranged as in ordinary polyps.

fie. 17 has been established.  Two stomodweal tnbes are distinet throughount their length, and
twelve pairs of niesenteries are present. six pairs associated with each stomodaeum and arranged
as in a single polyp.  All the additional mesenteries have been added within the ventral
entoceele, the inclosing diveetives (11T, 111) of which have been pushed widely apart.  The figure
should be compared with fig. 11c, on p. 470, representing the arrangement in a polyp also with
twelve mesenterial paivs, hut in which only one stomodweal tube oceurs.

From the ficure itself (tig. 17). it wonld he diflienlt to determine within which of the two
divective entoewles the increase has taken place, or which half is primary and which half
secondary. In the actual seetions the mesenteries on the ventral aspect are closer together, and
disappear first in passing from above downward.  From the seetions of the various polyps at
intermediate stages, it is elear that polypal fission in Zorites is effected only after the successive
addition of six bilateral pairs of mesenteries, the complete and incomplete members alternating in
such a way that the moiety of the six new pairs on one side resembles the noiety of the six primary
on the same side. When the two fisston polyps are completely separated along the axial plane, &
pair of directives will be formed for each polyp. by the approximation of one of the members of
the primary dorsal directives (IV)and the corresponding member of the last-formed ventral pair (7).
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The plane of fission coincides with the primary directive plane which passes thongl the
primary dorsal and ventral dircctive entocweles and longer oral axis, and divides the enlarged
polyp into eqnal halves with twelve mesenteries to each; of these, six are the protoenemes and
six are new tormations,

As the order of appearance ot the mesenteries heyond the protocnemic stage in /opites
ditfers from that in other coral polyps, so its method ot fission ix altogether différent.  In most
corils the plane of fission is at right angles to the directive or median axis of the polyp, whereax
in Zopites it is along the directive plane: each of the two primary daughter polyps in ordinary
fission has only one pair of directives, but in /orites the mesenteries are arranged exactly as
in the larval polyp. and each fission polyp bears two pairs of directives.  (See foot-note. . 496.)

FINSION IN MADREPORA.

When deseribing, in a recent paper<. the method of addition of new mesenteries in
Madrepora, beyond the protocnemic stage, the process of fission was also noticed. so that for
the present purpose it ix only necessary to brjefly reiterate the facts there brought forward.  On
examining most colonies of Madrepora with a lens, a few polyps are found which are slightly
larger than the others. and bear more than the usual twelve tentacles, any even number from
sixteen to twenty-tfour being represented.  The tentacles torm, however, only a single eyele, as
in ordinary polyps (PL I, fig. 1 7.). Such polyps seem to ocenr anywhere over the surface of
a colony . wherever vigorous growth ix in progress, but have not been tound in the oldest parts of
eolonies, nor on the under surface of palmate coloniex, where conditions of growth are not
very favorable,
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Madrepora.—F1cs. 15, Series of diagrammatic figures illustrating polypal fission and the manner of increase of the mesenteries beyond
the protocnemic stage. Two stomod®al tubes are present from the beginning, either conneeted by one or two mesenterial strands
or altogether distinet. @, Four new bilateral pairs (A-D) are present within the ventral directive entoccele, and two others eonnect
the two stomod®al tubes

Most of the larger polyps are strongly oval, the longer axis being at right angles to the
axinl-abaxial plane.  Out of forty or fitty enlarged polyps exanined, only one or two did not
already display two oral apertures. and of nearly thirty specimens sectionized transversely ach
bore two distinet stomodwal tubes.  Compared with the enlarged polyps of Jurites those of
Madrepora ave theretore characterized by the carly production of the hioral condition.

Transverse sections reveal that in practically every case twenty-four mesenteries—that is,
double the number in ordinary polyps
exhibit somewhat different relationships.  Sixteen complete mesenteries oceur. and the remaining
cight are incomplete. the paired arrangement agreeing with that of simple polyps.
a+¢The Morphology of the Madreporaria.—II. Increase of Mesenteries in Madrepora beyond the Protocnemic
Stage.”” Ann. Mag. Nat. Hist., ser. 7, vol. x, 1902.

ave already developed, though in ditlerent examples they
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The different polyps studied exhibit one or another of three successive stages toward
complete fission.  These are diagrammatically represented in figs. 18 (¢v—¢). The primary mesen-
teries are indicated by thicker lines, and are nnmbered trom I to VI; the new mesenteries are
denoted by the letters A to F, no successive order in their appearance heing assumed thereby.
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F1a. 18D,
Madrepora.—Fission continued. The same number of mesenteries are still present within the ventral direetive entoccele, and a single
pair (E, E) occurs within the dorsal directive cntoewle, while only one mesenterial strand connects the stomod®a.

The tignres reveal that new mesenteries are added in bilateral pairs, disposed axially in hoth the
dorsal and ventral entoeceles.

No stage in whieh less than twenty-four mesenteries were present
has been found.

Speeial interest attaches to the mesenteries in figs. 184, 184, which conneet the two stomodzeal
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Madrepora.~—Fission continued.

Two mesenterial pairs (E, F) now occur within the dorsal dircctive entoecele, and the stomodaeal tubes
are wholly disconnceted.

The macrocnemes and microenemes and arrangement of the musculature on the faces are such that if the

polyp were divided into two halves along the median axis the mesenterial arrangement in each polyp would be the same as in an
rdinary polyp with only six pairs of mesenteries. (of, PL, I, fig. 4.)

tubes.  In fig. 15« two of these are present. in fig. 185 only one, while in fig. 1S¢ the eonneetion
has eeased altogether.  In the paper already mentioned, it has been shown that these conneeting
mesenteries are a result of the practieally simnltaneous division of the primary stomodwnum and

the appearanee of the new mesenteries. The adjacent mesenteries, situated hetween the two
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stontodieal tubes. for a time retain this connection throughont the length of each stomodweum.
Serial transverse seetions indicate that later the middle portion of eachi connecting mesentery
begins to grow radially across the disk, and that when it reaches the vertical columm wall it
divides into two distinet mesenteries, which constitute a bilateval pair.  The division extends
all the way troni the upper to the lower termination of the stomodweal tubes, the successive stages
in the process being easily followed.  As shown by fig, 184, the dorsal connecting mesentery
becomes divided and stretehes to the column wall in advance of the ventral member.

That no earlier stages. cxhibiting a sequence in the appearance of the six pairs of new
mesenteries, have been met with, such as are described for /orites, seems strongly to snggest that
the additional six pairs arise practically simultancously, in all probability purd passiu with the
division of the primary stomodweum. In the carliest bud polyp of Madrepora which has been
obtained, vepresenting a stage before any tentacles appear, all the twelve mesenteries ave alveady
present. and the oral perforation appears to have been just established (p. 4497). It wonld also
seem that in the formation of new polyps by fisston a like simultaneous development takes place,
and thus no intermediate: stages Dbetween the twelve and twenty-four mesenteries arve to be
expected.

The results from the two methods of asexual reproduction in coral polyps—budding and
fisston—may be thus contrasted:

(1) Polyps arising as buds pass through the same stages as regards the order of appearanece
of the tentacles. mesenteries. and mesenterial filunents as the larval polyps of the same speeies,
and the adults of both are alike.

(2) Excepting /orites and Madrepora, polyps originating by discal fission, whether completely
or but partly separated, never wholly resemble the sexually-produced polyp. No new pairs of
directives are formed. and the mesenteries do not assuine a hexamerous or other regular cyvehical
arrangeient.

(3) Polyps of [orites and Madrepora arising by fission resemble larval polyps in having two
pairs of direetives and four anisocnemie pairs of mesenteries.  (See foot-note, p. 496.)

SEXUAL REPRODUCTION.
DISTRIBUTION OF GONADS,

Although the asexual method plays such a prominent part in eoral growth, yet the pro-
duetion of sexual elements, for the formation of entirely new individuals, appears to be (uite as
important as in other groups of animals where sexnal reprodnetion alone prevails.  In West
Indian waters, colonies of Fuwia frayum. MHanicing areolata, Siderastraea radians. and Porites
clararia seem to be nearly always fertile, while species of Mudrepora, Orbicelle, and Cladocora
are, as a rule. found without sexual cells.

Several observations upon the distvibution of the gonads in the Madreporaria have been
recorded by other writers, but, as in the Actiniaria, no general rule is apparent with regard to the
monceeious or dicecious character of the polyps. Thus Moseley (1852) found Seriatopora to be
unisexual; Fowler mentions the occurrence of ova only in Madvepora durvilles, Turbinaria, sp..
and in Splenotrochus rubescens. while Pocillopora brevicornisis monweious. 1. V. Wilson merely
states that Muwieina areoluta is hermaphrodite.  Gardiner (1900, p. 367) found all the polyps of
Cienopsamacin which he examined to be female, without any trace of male generative cells.

In the course of the present studies many instances of fertile polyps have ocenrred. A
portion of a colony of Meandrina labyrinthica sectionized bore gonads on almost every
mesentery. and in thix ease ova and spermaria were closely associated.  In a few instances hoth
kinds of sexual cells are found on the same mesentery (PL XX fig. 140), but usually they wre
developed on separate mesenteries, the namber of male mesenteries being greatly in excess of
the female. The merest sucegestion of an alternation of male and female mesenteries is
manifest; thns. one member of a pair may bear spermaria and the other ova. but at other
times two or three ova-bearing mesenteries are intercalated hetween a number of sperm-bearing
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mesenteries.  Four to eight spermaria may be present on a single mesentery in section: hut
the number of ova is mmch less, usually one or two, rarvely reaching tour or five. In the
hermaphrodite mesenteries the ova are invariably situated toward the fixed end of the
mesentery. and the spermaria neaver the free edge, that is. more central.

Fuvia fragum s likewise monecious, and in this species also the two kinds of sexual cells
may occur on the same mesentery, though more often they are on different mesenteries within
the one polyp.  In one large colony examined. the cavity of practically every polyp was erowded
with larvie, all at the same stage of development. In addition to these the mesenteries were
swollen with spermaria and ova, all apparently at a similar stage toward maturity—the ova
having a large nucleus and nucleolus, and the spermaria with the tails of the spermatozoa
already developed.

On a colony of Zurites cluraric most of the individual polyps eontained several free larve,
again all at about the same stage of development.  In this instance, ova only were present on the
mesenteries, usually one large ege to cach, and of numerous polyps examined from the same

eolony none hore male sexual elements.  In transverse scetions of a polyp of Mudrepora palmata
a single ovuin oceurred on three of the four lateral complete mesenteries, but not on any of the
directive mesenteries.

Female gonads were moderately developed in a colony of fsopliyllia dipsacea.  In transverse
seetions some of the mesenteries exhibited three or tour ova, vestricted in their distribution
toward the insertion of the mesentery in the body wall.  Most of the mesenteries of a polyp of
Orbicella radiate also contained ova, again situated toward theiv insertion in the polypal wall:
likewise polyps of Siderastreea siderea. In the last the ova were greatly distorted and irregular
in form. as if adapting themselves to the very narrow interseptal loculi.

From the above examples. it is inmpossible to say how far sexual differentiation has proceeded
within Madreporarian polyps.  In all instances where o unisexual charaeter would be indieated,
only female eells have been found, and then somewhat sparsely.  Spermaria have never been
found alone, hut always in association with large numbers of ova.” It may be that eoral species
are mainly monecious, but that ova are first developed (protogynous), and later spermaria,
either on the same or different mesenteries.  Further, the ova are, as a rule, restricted toward
the fixed or peripheral margin of the mesentery, while in Actinize generally they are disposed
about the middle of the radial length of the mesentery. ‘

Apparently very little importance can be attached to the particular mesenteries on which
gonads may oceur, for where present in numbers they are found on practieally all the mesen-
teries, both complete and incomplete.  In Orbicella radiata any of the mesenteries of the three
cyeles may bear ova; as shown on PL IX| fig 658, ova oecur on a small incomplete niesentery,
while they are not developed on the larger complete member.  In Aetinian studies the distribution
of the gonads on partieular niesenteries is considered to be of some nmportance for systeniatie
purposes, hut nmnifestly the production of a few sexual cells on certain mesenteries ean not be
of much significanec, when in riper polyps they may possibly be found on all the organs.

Within its lifetime a polyp may give rise to more than one series of ripe sexual cells, for
individuals charged with tnlly developed larva also contain numbers of nearly ripe eggs, still
within the mesoglwea of the mesentery.

Viviparity would appear to be the rule among corals, thongh Wilson reeords the extrusion
of egos and senmen from Menieina, and 1 have also found this to happen in Fiwiv. It may be
doubted whether such occurrences take place under normal conditions, as in bhoth instanees
highly developed larva have also been found within the gastrie cavity. Similar promiscuous
extrusions of sexual cells are likewise found to take plaee among anemones.  From Zhodactis
sancti-Thomw, dwlactinia stelloides, and others unfertilized eggs and semen have heen tound
to be extruded in abundance. while from both speeies mientioned larvie at an advanced stage of
development have also been obtained.

@ Miss Pratt (1900) describes Neohelin as probably monecious, spermaria only being present.
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From the few records yet available, it s tmipossible to determine how far the different
species of corals have any regular breeding season: such wonld scarcely be expected under the
nniform conditions of temperatnre characteristie of tropical waters,  During the month of July
four or five ditferent colonies of Niderastraa radians were collected, all having polyps charged
with free larvie, while other collections made at different times trom the same locality never
vielded tertile colonies.  From another locality larvie of this species were secured during the
middle of March.

Most of the Iarvie to be here deseribed were collected in the early months of the year (March,
April): but larvee of Mawieinn arcolata and Faria fragun seem to be extruded nearly the whole
vear round.

SPERMARIA AND OVAL

In their detailed structure. the spermaria and ova ot corals are much like the corresponding
clelments in the Aectiniaria. A mesentery bearing two spermaria, in addition to three ova, is
represented on Pl XX, tig. 140, taken from Weandrina.  The fertile portion of the mesentery
1= ereatly swollen, and the mesogloea 1= thin and surrounds each ovum and spermarium as a very
delicate sheath.  The mesenterial epithelium has undergone certain moditications: toward their
hase the cells are much vacuolated. and without any recognizable protoplasmic contents.  Cell
limitations are not obvious, and the nuclei are arranged in a very definite zone toward the
margin, along with the other protoplasniic contents of the cells.

The spermaria are crowded with deeply-staining. spheroidal, sperm cellx, each with several
still nore deeply-staining particles or nuelei. A similar stage has been figured by Professor
Hickson for Aleyonium (1595), and also deseribed by Ashworth (1399) for Xenia.  Oceasionally
a central cavity containing a coagulum is already developed, and here and there this is filled with
the projecting tails of the spermatozoa.  Without any doubt the ovaand spermaria are developed
from the mesenterial epithelium, as in other Anthozoa, and the cells wander into the mesoglaea
and become encapsuled by it. hut none of the earliest developmental stages have been found.

The spermaria from another colony of Meandrina, instead of being nearly spherical, are
narrow. and extend along the transverse length of the mesentery for some distance, and display
constrictions, as if made up of four or five fused spermaria.

On one oceasion, ripe spermatozoa were observed in the act of extrusion trom a polyp of
Furia fragum. the process taking place by the same jerking motion as when larvie are liberated,
They were of the same form as those of Actinia equina, deseribed and figared by Lacaze-Duthicrs,
that is, a pear-shaped head with a laterally fixed tail.

A mesentery bearing two large ova is represcuted in fig. 146, again taken from Meandrina.
The eggs contain a large amount of vacuolated, finely granular yolk. The vacuolization is very
uniform except peripherally. where the ovum stains more deeply. owing to the greater concen-
tration of the protoplasm. In the same region decply-staining granules arc also numerous. The
germinal vesicle ix large and homogeneous in structure, and is unaffected by carmine stains, but
readily takes up aniline blue. The germinal spot'is usually situated close to the margin of the
germinal vesicle, and differs from the latter in staining intensely in borax carmine.

White, spheroidal. unfertilized eggs were extruded singly from /Fueia fragum on several
occasions. after floating around in the gastric cavity for several hours. Examined under the
microscope. the ova underwent a great variety of irregnlar movements for about an hour, sending
out lobate processes. first front one region and then rapidly from another.

The experiences of von Koch. Wilson, Haddon, and those here recorded render it manifest
that the eges in coral polyps are ripened in bhatches, not a few at a time. and that the kv
develop equally: for in all eases where larvie have been ohtained from any polyp they occurred
in numbers, and practically of the same age, while many far advanced eggs were present in
the mesenteries preparing for another series. This is usually the case in the Actiniaria, hut
exceptions may oceur, as where larvee at all stages have heen secured from the same polyp at one
time.  Fowler (1533, p. 13) states that the ova in Sphenotrochus rubescens were in various stages
of maturation.
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LARV.E AND POSTLARVAL DEVELOPMENT.

In all corals yet observed. the segmentation of the ovum and carly stages in the development
of the larva take plaee within the internal eavity of the polyp. and are therefore not easily
aceessible for study. The extrusion of a few eggs and semen, which sometimes oeeurs, appears
to be fortuitous in charaeter. and is not to he regarded as the normal method of sexual reproduc-
tion. It ix a little remarkable, that in the many seetions of adult polyps which have been pre-
pared. none of the intermediate stages between the egg and the fully developed larva have heen
secured, though fertile polyps, and others containing free advanced larva, are by no means rare.

Probably by keeping under observation, for a lengthened period. eolonies whieh are known to
he fertile, it wounld be possible to secure the carlier embryonie stages: polyps which are charged
with advaneed larvae often contain in addition nearly ripe eggs. from which another batch of larve
wight soon be expected.

From the colonies of Manicina areolafe, whieh H. V. Wilson had under ohservation for
a period of several months, eggx, semen, and larve in very different stages were extruded.  The
first speeiniens of coral poured forth eggs and semen on the 15th and 17th of Maveh, while on the
20th the polyps had given birth to larvie a little more advanced than the planula.  After this date
only larvie were cjected. their stage of development beeoming much more advanced as the
Bahana season progressed.

Among Actinlans also the larvee are vsually ejected in an advanced stage of development:
but nufertilized eges and semen are extruded from a few forms— Orticina erassicornis, Metridinm
marginatun. Sagartia payasitica, and Cepianthus viembranaceus, so that different investigators
have found it possible to follow the segmentation and early cmbryonic stages of these.

Manicina areolata is the only coral in which the segnientation and formation of the germinal
layers has hitherto been followed.  But the early stages of development, as far as the formation
of the skeleton, seem so completely alike in the Madreporaria and Actiniaria that the fuller
details obtaimable within the latter group may be considered to hold for the former.  Appellof
(1900). in hix admirable paper. *Studien tber Actinien-Entwicklung.™ has followed very eom-
pletely the early stages in the development of the Aetinian (rticina crassicornis. and at the same
time reviews the results of other workers throughout the Zoantharia in the light of his own.

The following account will be restricted to a deseription of the larvie either upon extrusion
or shortly after, and as far as their subsequent development has been traced. During the
course of the present investigations numerous larvie of the following species of eorals have
been obtained:  Manicina arcoluta, Favia  fragum, Sidevastreea radians, Porites cluvaria,
Lsophyllic dipsaeen. and Clgariciac agaricites; not always, however, under circumstances in which
their future history eould be followed. In some cases it has been possible to trace their
erowth through varions stages, but i others only the hurvie themselves are available for study.
Some of the larvae were preserved directly in corrosive acetie, and others in formol.  The former
method eives the best results.  During preservation mucus was often extruded from  the
unicellular ectodernial elands, vesulting in the adherence of foreign particles to the larval wall;
often also the Tarvae collapsed when transterred to the preserving niedium.

Where the <uperficial tissnes of viviparous polyps are partly transparent. the larvee can
be seen moving about within the gastro-eclonie cavity, coming into view above and then
dizappearing helow.  Very often they enter the tentacles, and may remain there for some time,
so that when the polyps retract they give rise to small protuberances of the swrface.  Whether
the motion within the polypal cavity is due to the larva’s own ciliary aetivity. or is brought
about ws a result of the general civeulation of the internal nntrient tluid, is not readily ascertained:
certain larvie are provided with cilin and able to swim about immediately on extrusion. while
others remain motionless for a short time, showing that cilia are not vet active.

The aetual extrusion of the larvie scems always to take place suddenly, not with the slow
convulsive movements niore usual in parturition in other gvoups. In Mewicina arcolata the
lurvie were ejected throueh the mouth in batehes, a dozen or so at a time, by a peculiar jerking
motion of the adult: but in Dorites clavaria, Fuvia fragumn, and  Siderastrea radians they
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appeared <ingly. or only two or three at a time.  Probably the larvie are able to made their exit
through the tips of the tentaeles as well as through the mouth, though owing to the rapidity
with which the process takes plaee T have never been able to assure myself of this method, even
when, as in the case of Nidepustriva. colonies have been watehed for hours.  Von Koch states
(t807) that the larvee of Curyopliylliv cyathins pass through the tipsof the tentacles.  The various
polyps of a colony continue to give out larvae for several days. or even for a week or two, and
then the supply ceasex, or for some time one or {wo individuals nmay appear at long intervals.

Development appears to proceed equally within most of the polyps in any colony. In the
fertile eolonies of Zreie or Siderastraa the majority of the polyps eontained larvee all at the
sante stage. and in Sopifes such was the ease with most of the polyps within any restricted area.

On first extrosion the larvie of corals are spheroidal, oval, pear-shaped, or elonguted rod-like
hodiex. varying fronr 1 to 3 nmu. in length, the outer surfuce uniformly eiliated throughout.  The
arions forms assumed by the ditferent larveie of Fuwle frugum. extruded about the same time,
indieate the more usual shapes (PL X1, figs. 96-100).  Lacaze-Duthiers (1873) ficures the larva
of Astroides calyculuris as elongated und assuming a spiral form, von Koch (1897) that of (uryo-
phyllic eyathns as pear-shaped.  The individnal larva, however, often manifests the power of
retraction uand of altering itx shape, o ax to be at different times oval, pear-shaped, spheroidal,
or flattened and cake-like. In the majority of casex. one end, usually the anterior dnring progres-
sion, is much broader than the other, though when the larva has been extruded for some time
these relations are frequently reversed. Thus, the pear-shaped larva of Fusia fragin has at
first the broad end at the aboral torward pole, but later the broad end is oral or posterior
and the narrow end is aboral. A similar alteration of form has been noticed in Niderastrea
radiunsg but most of the larvie of this species have a narrow aboral and a swollen oral pole from
the beginning., Twin larvie, with two oral extremities and one aboral, have been extruded by
polyps of the speeies just mentioned.  No coral larva has yet been described in which the aboral
extremity bears the tuft of larger, less mobile cilin sometinies met with i Aetinians,

Coral larvee are able to swim about cither immediately on extrusion or shortly after.  For the
tir<t few minutes they may remain motionless, either at the surface of the water or on the bottom
of the vessel. then, cilia having been formed. active movements of hoth rotation and translation
conmmenee,  Soute gyvrate throughout the depth of the water, coming to rest from time to time:
others remain nearer the surface or aceumulate around the sides of the vessel.  Within one to
three days a few of the more vigorous examples would become attached to the sides of the
class vessel or other objeet, and renuiin thus for some time, then beconie active again. and
afterwards refix themselves.  But the great majority seemed unable ever to settle, and continued
alive for days or weeks, without much motion, and apparently without undergoing further
development. 1 fixation did not take place during the first two or three days it was never found
to occur after, thougch some of Wilson's larvie of Mawicina settled after swimming around for
three weeks.

When first extruded. coral larvie are dense and opaque. and either colorless or slightly
brown: afterwards they may beeome slightly distended, and as<a result the wall appears thinner and
more nearly trausparent.  Oceasionally the larvie ave set free in a distended form, when they are
more transparent from the heginning.  The alteration from the opugue to the more transparent
condition ix brought about by an important ehange in the internal endodermal tissue, deseribed
below.  Under the mieroseope the eolorless or nearly colorless outer ectoderm ean he distin-
cuizhed from the inner endoderm. and in all species examined the latter bears zooxanthellee,
which give a yellowish color to the internal niass.

The oral pole. whether narrow or broad. is usually darkly colored externally. Exanination
of the living kirva under the microscope. and also by nreans of sections afterwards, reveals that
the color ix due to the presence of numerous zooxanthelle or vellow cells toward the oral end.
Usually these oceur within the ectoderm cells, but sometimes, as in Isoplyllio dipsacea (Pl XXV,
fig. 165). they crowd the endoderm cells around the oral extremity, and the ectoderm contains
comparatively few. In both cases the zooxanthellae ure densely ageregated toward the apex,
which in consequence ix the darkest area. In general the algwme are sparingly distributed
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througlhout the endodern, and thus give rise to the faint browu color of the larvea as a whole.
Only rarely do they occur bevond the oral region of the eetoderm.

From time to time the zooxanthellae are seen to be set free from the ecetoderm eells, and
in the end thev wholly disappear from the outer layer, the larva beeoming uniformly colored.
Ocensionally they persist tor a short time within the perioral area after the larva has heecome fixed.

The presence of numerous symbiotic zooxanthelle within such a restricted region of the
larva during its interpolypal existence, and their disappearance shortly after the larva is set free,
are phenomena upon which no explanation has yvet heen offered.  In no adult corals are
zooxanthellie found within the ectodermal cells; it is wholly a larval condition.

When the larvee are first extruded, the oral aperture is usually indeterminable, but a very
minute opening appears shortly after, often situated a little to one side of the actual apex,
and later the wall inmediately around the nmouth becomes slightly depressed.  Extrusions of
zooxanthella, and what seem to be volk granules in a wucus-like mass, have been observed to
take place from time to time through the newly forimed mouth.  This phenomenon comniences
shortly after the larve ave set free, and continues for some tine. Lacaze-Duthiers (1873) has
figured the ecjection of waste material actually taking place in the larve of Asiroides, and it is
also found to be a conunon oeceurrence in Actinian larvie. It is manifest that this is the larva’s
method of getting rid of the surplus zooxanthellre, yolk, and cell débris remainiug after the
formation of the narrow endodermal layver from the original nearly solid internal tissue.  Sec-
tions of late larvie are generally found to contain free zooxanthellie, and what seem to be cells in
proeess of disintegration (fig. 112), while in ecarly larvie the interior may be wholly filled with a
eompact vacuolated tissne (I’I. XXV).

Sowme time after their extrusion, the larve may enlarge a little, and begin to lose their
opaeity, or this may not take place until they settle.  Through the more transparent walls the
internal attachment of the mesenteries can be seen, and their number and eourse determined.
Usually three or four pairs of mesenteries are indieated at this stage, one or hoth of the lateral
pairs generally extending as dark, thickened bands farther down the polyp than the two axial
pairs (Pl XVIIL fig. 125).

In neavly all cases sections of the freshly extruded larva reveal an ahuost solid interior. into
which the very narrow stomodwum has pushed, as it were, its way; also three or four pairs of
mesenteries are more or less developed (Pls. XVIIEL NXV).  Afterwards the four pairs of
mesenteries seem to grow quickly. so that by the time of settling all may be united with the
stomodieum, two additional pairs—the fifth und sixth developmental pairs—having appeared in
the meantime; the latter, however, never unite with the stomodmum for a long time after
fixation.  All the six pairs of protoencmes were already present in freshly extruded larvie of
Isoplyllio dipsacea. Tentaeular protuberances seem never to make their appearanece hefore the
fixation of the larva. nor has any trace of skeletal matter been observed during the free swimming
stage.

Within a day or two after extrusion the individuad larvee settle by the forward aboral pole,
on any suitable surtace which presents itself, and usually independently of one another.  Should
the aboral extrenmity of the larva be narrow, it rapidly flattens after fixation: the larva as a
wlole shortens greatly. swells laterally, and for the first time the differentiation into basal disk
and column is established.

Fixation may take place in close proximity to the parent colony, and in such cases
probably direetly after liberation. It is a common oecurrenee to find a tfew young polyps
adhering to the lower, dead surfaee of colonies of Manicina and Firin.  Lacaze-Duthiers (1899)
has also shown that in the wryophyllic obhtained trom Port Vendres **houguets™ of the coral
have been produced, evidently by the larvie fixing themselves on the exposed region of other
corallites; and, thus attached, growing to their full dimenstons and giving a semblance of budding
or fissiparity to the usually 7>‘illll)l(‘, coralla. Von Koch (1890) also describes *‘aggregated™
colonics in Balunoplyllio, which conld only have orviginated in the same manner.

A still more remarkable instance of colony formation, from the union of individunals originally
free and distinet, ocemved during the fixation of the larvae ot Siderastraw vadians.  The larvee
settled in groups in such close proximity that when expanded the polypal wulls pressed against
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one another, and produeced angulated outlines. 1o one instance a eolony thns produced consisted
of thirtv-two primarily free larvie, in another twelve larvie assoetated themselves, in a third
seven, while several groups of three or fonr polyps were formed.  Some of these colonies lived in
small aguaria for three or four months. during which time the tentacles and skeleton appeared.
To all appearances they would. under natural conditions, have given rise to actual colonies,
indistinguishable from ordinary colonies prodnced by gemmation.  (See foot-note, p. 495.)

Of the numerous larvar extruded hy corals comparatively few seen to settle. and in agnaria
the greatest difficulty and uncertainty are experienced in securing permanently fixed individualx.
Sometimes a number will become fixed, while undev what appear to he exactly similar circum-
stances fixation seenis impossible.  In addition to the somewhat unnatural conditions under which
the larva may be placed in aquaria, it <eems not improbable that the ripeness of the larvae for
settling may also be a factor. In my experience, if fixation be not eflected within two or
three dayvs afterextrusion, it does not take place afterwards.  The larvae will then remain resting
ov slowly swimming about fov an indefinite time, apparently undergoing no development what-
ever. Larvie of S, sadians have been kept thus for a peviod of twenty days.

Ditlerent measuves were employved to provide the larvae with suitable surfaces for fixation.
and at the same time permit of their examination later. Glass dishes and small pebbles were
placed in the vessels. and cover glasses tloated vertically by means of pieces of cork. These
provisions, however, were of little service.  The most favorable position appeared to be the sides
and bottom of the glass vessels in which the colonies were living. The larve being propevly
settled. the vessel was broken with care, and the fragments hearing the larvee distributed to other
vessels in which coral colonies were already established.  Many larvae were secured in this way,
fixed to transparent pieces of glass. and could be tuken out at any time, and examined in small
olass dishes ax transparent objects undev the microscope.

Once the luvae were fixed, they appeared quite vigorous and havdy. and econtinued theiv
crowth even nnder unfavorable conditions; while larvie which remained unfixed, though kept
alive and active for several weeks, never increased in size or nnderwent development in any way.

otodern.—The larval eetoderm is very broad compared with the same layer in the adult
polyp.  In section the ectoderm of the larva of Aguricia measures (.1 mm., and that of Fuwia
Fragum 0.08 . Most of the usual Anthozoan cellular elements ave already differentiated at or
hefore extrusion; gland cells, nematoblasts, supporting cells, and nervous elements oceur. hut
1o muscular fibrils have been recognized.  No observations have been made on fresh macerated
material. but the various cells separated somewhat freely from certain of the specimens preserved
in formalin.

Both transverse and vertical sections of the ectoderm exhibit certain zones characterized by
difterentintions in the cellular constituents (fig. 165). The greater number of the nuclei are
aggregated about the middle of the layer. and inwardly they occur in diminished numbers as fav
as the mesoglea. By reason of the deeply-staining character of the nuelei their zone of
distribution stands out strongly in moderately thick sections, and macevations show that it
comprises the nuclei belonging to the supporting eclls: the more deeply sitnated nuclei are
those of the gland cells. developing nematocysts. and nervous elements.

The onter half of the ectodern comprizes the swollen portion of the gland cells and the matare
nematocysts, embedded. as it were, in a matvix of supporting cells: the margin frequently
<hows the swollen bases of the eilia. which stain very strongly in methyl blue.

The inner zone is not well defined. and in early lurve isx usually characterized by the presence
of large numbers of developing nematoblasts.  These stain deeply. appear nearly homogeneons,
but with a nucleus to one side. and are arranged irregularly at all angles to the other constituents;
ax they mature they migrate pevipherally, and become arranged at vight angles to the surface of
the layer,

The gland cells are a very important constitnent of the larval eetoderm. and their contents
are nearly always finely granular, and usually remain unstained. Sometimes the vacuolar part
extends nearly. if not altogether, ueross the layer, and on preservation the larvie often throw out
large quantities of muens, when the cells become clear.
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Az alveady mentioned in describing the external charvacters. the ectoderm cells may contain
zooxanthellae, mainly restricted to the oral pole, but at times oceurring sparsely throughout.

At the aboral extremity of all the larvie examined the ectoderm undergoes an important
alteration: nervous elements become developed to such @ degree as to suggest that the region
represents a special sensory ovgan.  The general features of the differentiation are much the
sane in each species (Pl XXV fig. 165).  From the uarrow mesoglea a number of delicate
fibvils extend parallel with one another and at right angles to the laver, and unite in a reticulum
which in sections seems largely made up of the cut ends of nerve fibrils.  The nerve layer may
be very broad. and on the outer side is continued into the ectoderm cells.  The latter are nsually
more elongated. and more compactly arvanged; the mucous cells are greatly diminished in num-
bers. and the nematocysts and supporting cells have undergone a corresponding increase.

The special nervous development is not restricted to the actual aboral pole, but extends
some distance up the wall. gradually becoming weaker and weakev. until ultimately. a little
below the middle of the larva. it is scaveely distinguishable.

[ have deseribed the oceurrence of a similar sense orgun at the aboral pole of the larva of
Lebrunia coralligens (1599), and Professor MeMurrich (1841) has found the same in the larv:
of Rhoductis sancti-Thome. It is suggested that the organ is in some way associated with
the forward position of thix end of the lurva in swimming. and disappears when the larva
settles by this extremity.  Appellof (1000) has found a lesx marked ectodermal modification at
the aboval pole of the Lurva of Aetinie cqnine, but in this species no special nerve layer is
developed.  The layer is clearer than elsewhere, and the cells ave long and extraordinarily fine,
and some even secem to terminate in two or more fine fibrils. while on the outside a group of
tonger. Less mobile ¢ilia occurs.  Appellof observed no corresponding differentiation in the aboral
ectoderm of {rticina.

Jouth and Stowmodeaewin.—When the larvie are first extruded an oral aperture a~ a rmle is
indeterminable, though a few hours aftevwards a small circular opening can be made out, and
later the wall around may he partly depressed. Transverse and longitudinal sections through the
oral pole of freshly extruded individuals also indicate that for a time the mouth and stomodwewum
are not functionally active, and the ectoderm at the entrance to the interior often appears without
any brealk.  In sections through the stomodweal tube an extremely narrow hunen occurs, but
the condition of the canal does not suggest that ciliary aetivity has been established. any more
than the nearly solid interior of many of the larvae would permit of the circulation of a nutrient
fluid.  The stomodieal cilintion is not always distinguishable, yet when tully active the cilia
here are the strongest in the whole polyp.  The deeper parts of the ectodermal epithelivim at
thix stage contain the developing stages of many nematocysts, and the nucleav zone so character-
istic of the stomodweal ectoderm in adult polyps ix not vet strongly differentiated.

The ectoderm never stops short all the way round at the actual inner termination of the
stomodseal tube. but is partly refleeted along the endodermal surface. and thence hecomes
continnous with the mesenterial filaments, passing down the free edge of whatever nmesenteries
are wholly complete (Pl XVIIIL fig. 127). In endeavoring to establish the homoloey of the
mesenterial fitaments. much signiticance hax been attached’ to this reflected ectoderm, and to the
apparent passage of the stomodieal ectoderm on to the mesenteries (p. 477).

FEndoderin. - Much variation exists as to the condition of the interior of the lavva when
the latter are newly hatched.  In some instances it is filled with a highly vacuolated tissue, so that
the larvitis a nearly solid mass of spheroidal cells: other larvie are hollow toward the niddle,
but provided with a broad endodermal lining. A comparison of the figures on Pls. XV and
XXV will give an idea of the different internal conditions which have been encountered.

The vacuolated tissue filling the ceelenteric cavity appears as if made up of distinet spheroidal
or polygomnal cellz,; each with a detinite houndary, and having a nneleus applied to the wall.

Zach eell is occupied almost completely by a large vacuole, but around the walls are granules of
different sizes which do not stain.  The appearance of the tissue is the same throughout. in what-
ever divection the sections may be made.  Zooxanthelle are numerous and may be uniformly
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distributed. or. ax in _lgvric/i are more restricted toward the oral extremity and periphery
(fig. 165).

In larvee of Wlgerdci and Isopliyllic the endodermal tissue s in its most compact condition,
and in both transverse and longitudinal sections slits or lines of demarcation are present, which
limit one portion of the tissue from another.  Along the nmvgin of the slits the cells have more
contents, and the houndaries of the mesenterial filaments and more central part of the mesen-
teries are alto shown, the tissue appearing as a matrix in which these organs are embedded.
The slits thus serve to deliit o parietal. mesenterial. stomodieal, and middle endodermal tissue
(PL. XVTIII). In some larvae the slits are represented hy wider, more definite spaces, especially
in the stomodweal region, while below the stomodiwewm the middle endodernial tissue can be seen
in process of hreaking down. Only the middle tissue. however, undergoes disorganization:
that lining the wall and mesenteries persists as a thickened mass for a long time.  Where the
process has continued for some time the middle of the larval eavity is occupied by organie débris,
comprising granunlex of various kinds, fragments of cell walls. and zooxanthelle (PL. X1V,
fie. 112). Thix is afterwards extruded by the larvie shortly after the establishment of the oral
aperture (Pl. XIII, ti¢. 96).

Fora long time the parietal and mesenterial endoderm remains enormously thickened, arranged
in hich vertical ridges. all the cells of the same vaenolated character, in hoth respects differing
from the epithelinm of the mature polyps.  G. von Koch (1847), in his paper on the development
of Curyophylliv cyathus, and later in ** Das Skelett der Steinkorallen.™ has drawn particular
attention to the parietal thickenings of the endoderm in larvee of this and a somewhat later stage.
Ax a rule the endodermal thickenings assume a detinite form and relation with the mesen-
teries, which varies as the latter inerease in number. 1In the section of the layva of 77 Ffragiuomn,
represented in fig. 116, they are ten in number, two axial thickenings and four bilateral pairs: at
a later stage another pair will be formed. and ultimately a thickening will occur in each of the
twelve mesenterial interspaces.  Von Koch (1896) has found similar endodermal swellings in the
corals Astroides, Balunoplyllio, and Caryophyllio. and in the Hydroids Coryne and ZTubularia;
Haddon (1890) figures exactly similar structures in the larva of Zuplyllic.

The thickenings correspond with the positions whiclh later will he occupied hy the calcareous
septa. and von Koch has applied to them the term 7%rosepts (Vorsepten). It is not to be assumed
that they in any way represent the septa. or are concerned in their formation, for they arve just
as well developed in Actinians, e. g.. Lebrunia. which never form a skeleton.  From their
strneture and arrangement. von Koch supposex that in the tarva the endodermal thickenings
function as elastic supporting organs: that they are the physiological predecessors of the septa.
Morphologically they are seen to he the remnants of the vacnolated endoderm. which, at an
earlier stage, practically filled the interior of the larva.

When the larva settles the thickenings still persist in the lower region, and extend intermesen-
terially along the base and for some distance up the columm. as shown in the section of
Meanicing (fig. 157).  The septal invaginations of the ectoderm arising later are formed within
the prosepta, so that the skeletotrophic endoderm is greatly thickened from the beginning.

Apparently in the larval prosepta we have the precursors of the enormously thickened
-acuolated skeletotrophie endoderni, already described as characteristic of the lower aboral region
of a great number of corals.

The prosepta are thus the persistent representatives of the endodermal tissue, which at an
arlier stage completely occupied the internal cavity of the larvie.  The middle portion of thix
tissue becomes disintegrated, and the débris extruded from the larvae, while the peripheral portion
persists, becomes associated with the skeletal ingrowths, and undergoes more or less histological
alteration.

In the larva of the Aectintan Zehrwndo (15949) 1T have already deseribed a somewhat similar,
nearly ~olid condition of the interior. and in this case the tissne of the earliest larva showed
definite narrow spaces. which were regarded as indicating a primitive celom. These spaces
correspond with the narrow slits and limitations met with in the freshly extruded larve of
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Aguriciv and Isophyllia.  In the later larvee of Lebrunie the central partof the vacuolated tissue
had become broken down, and eell débris and zooxanthellie were seen to escape through the oral
aperture: and thus the adult celenteron was produced, though for a long time the parietal and
nmiesenterial endoderm remained greatly thickened.

Appellof, toward the close of his paper. = Studien fiber Actinen-Entwicklung.™ diseusses my
conception that the endoderm of the lurva of Lebrwnia is for a time nmltilaminar, and concludes
that I min mistaken in my interpretation of the appearances. lle surmises that Lebrunia is
exceptional in that its larval endoderm cells are greatly elongated and highly vacuolated, not that
they represent a parenchymatous nuass, as my observations imply.  The vavious coral larvee here
investigated show that the more or less solid condition is by no means exeeptional in the Zoantharia,
but is rather the rule. The question at issue ix whether the appearances presented by sections
are due to the vacuolization of a comparatively few elongated cells, or whether the endodevmal
tissue at this stage is composed of numerons rounded or polygonal cells forming an embryonie
parenchymatous mass.

In whatever direction sections are taken the appearances arve the same, the tissue seeming
constituted of rounded or polygonal elements: there is nevera radiating appearance, such as would
be expected did the cells represent a columnar epitheliun.  The uabsence of this can not he ~et
down to the disappearance of cell Ihnitations, for such are everywhere very obvious.  Morcover,
50 far as can be jndged. cach vacuolated element is provided with a well-defined nucleus. adherent
to the wall.

It ix manifest. from all the stages available, that the central portion of the tissite hecontes
disorganized shortly atter the larva’s extrnsion, when functional activity of the stomodaenm has
been established.  As seen in seetions, the middle of the larva at this stage is filled with granules
of various kinds. some staining deeply and others colorless: zooxanthellie and fragments of what
seein to be cell walls are also plentiful.  Were all the cells fixed to the mesoglea by their base,
we should then have to assume that their centripetal ends become disintegrated and the débris
extruded, a proceeding which would hardly be expected to occur.

LARVA OF AGARICTA AGARICITES,
(PL XXV, figs. 165-167.)

A colony ot clgaricin, treshly collected, extruded numbers of larvee within a few hours, all of
which were divectly preserved.  The specimens were opague and about 3 mnt. in length; some
were strongly pear-shaped. and others nearly spherical, and all swwm about from the beginning.
So far as eould be made out by examination of the hiving specimens under the mieroscope,
no oral aperiure was yet established; a few zooxanthellie were present in the ectodern around the
oral extromity. Most of the larvie partly collapsed on preservation, whether in formalin or
corrosive acetic.

Sections reveal that the larvie are all at the same stage of development. The interior is
filled with a compact vacuolar tissue, leaving practically no free cavity. and six pairs of mesenteries
are developed, all of which extend nearly the full length of the inner cavity; four pairvs of the
mesenteries are united with the stomodaeum throughout its length. but the other two pairs nowlere
reach it. Mesenterial filaments ave already horne by ull the six pairs of mesenteries, and hecome
strongly developed toward the aboral extremity of the larva.  Both transverse and longitudinal
sections indicate that the oral aperture is not yet tormed, though evidently just about to be so;
thie stomodieal tube already shows a definite lumen, but at its outer extremity the ectoderm
cells still close over it, and would prevent any communication between the interior and the
exterior. No ciliation of the stomodwal ectoderm can he made out, though this character is
always very manifest in well-preserved examples of the adult polyps. . That the ¢ilia in this
instance have not disappeared, owing to impertect preservation, may he inferred from the fact
that the external ciliation of the ectoderny is still clearly shown.

The onter ectoderm of the larva ix a very broad layer, and the wsnal histological elements
of the adult wre already present, comprising supporting cells, gland cells, and nematoeysts,
with the addition toward the aboral extremity of a well-developed nerve layer. Zooxanthelle
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are very limited in number and distrilmtion.  Ouly a few ocenr around the position at which
the oral aperture will be formed, as noticed among the external characters. The cellnlar
constitnents of the ectoderm are distinetly shown in larvie donbly stained with horax carmine
and methyl blue, and the enlarged bases of the cilia are clearly distingnishable. X pparently on
preservation none of the gland cells extruded their contents. and these are now stained with the
earmine. while the supporting cells and nematoeysts are stained blue.  Most of the gland cells
have finely grannlar contents, but others are elear. and they may extend nearly the whole width of
the layer.  The nematoeysts are small and not very numerous. 1o the deeper parts of the layer
are numerons clear, elongated bodies, staining blue, with the nuclens ved, which in all probability
represent developing nematocysts. The nnelear zone is very sharply limited on its outer margin,
and the peripheral zone. wholly devoid of nuelei, oceupies nearly owe-half the thickness of the
whole ectodermal layer, made up for the most part of the swollen gland cells.

About midway down the colinnr wall an cetodermal nerve layer begins to appear. At first
very feeble. it becomes better developed as the aboral extremity is approached. until at the
actual pole it ix very prominent.  What seem to be delicate nerve fibrils extend vertically from
the mesoghea, and then unite in a broad mesbwork: under high magnitication the mesh exhibits
the cut ends of very delicate fibrils, expecially well seen in transverse sections. At the actual
extrentity the gland cells are less plentiful and nematocysts are more mnmerous,

Thronghout the Luva the mesoglea searcely attains any appreciable thickness, but appears
as o wmere dividing lamella between the ectoderm and endoderm; even in the mesenteries
it is barely seen as a definite layer.  Associated with its endodermal surface are nuclear
bodies which stain deeply in methyl blne, and exhibit somewhat of a punctate character, as if
nuclei in some mitotic phase, hut. owing to their minuteness. no further details ean he made
out. Similar appearances occur also in counection with the mesoglea of the mesenteries, and
may perhaps be concerned in the formation of the middle layer.

The endodermal cells are spheroidal or polygonal. and almost completely vacuolated,  Zooxan-
thellie crowd the endoderm cells toward the oral end of the layva, and are sparsely distributed
throughout: they show a slight tendency toward a restrietion aromnd the periphery of the
endoderm.  Although compact, the endodermal tissne presents a definite series of internal
boundarics associated with the mesenteriex. which indicate the lines along which eavities or
passages will be formed when the larva hecomes distended and the corlenterice cavity is ultimately
establixhed.

The freshly extruded larvee of Llyuriciv are somewhat exceptional in the degree to which
the mesenterial development has alvcady proceeded.  In all the specimens examined the
Edwardsian mesenteries are complete, and though the fifth and xixth pairs are yet free from the
stomodienm they extend vertieally nearly the whole length of the larva. The dorsal directives
cease aborally a little in advance of the remaining three pairs of complete mesenteries.

Mesenterial filaments are strongly developed on the Edwardsian mesenteries, and less so on
the two incomplete pairs: in the former they are in direct continuity with the stomodaeal
eetoderm, but it ix obvious that thisx can not be the case with the latter.  The filimental tissue on
the incomplete pairs only makes its appearance some little distance below the stomodweum, and is
never ~o strongly developed as on the other mescnteries,  On these the filaments are often weak
for some dixtanee, but toward their lower termination they heeome greatly developed. at least on
the mesenteries of the first and second developmental pairs. Here they are very conspicuous
objects in sections, and developing nematocysts and gland cells in varions stages can he found.
The filaments have already very definite boundaries distinguishing them from the rest of the

endodermal tissne.
LARVA OF ISOPIIYLLIA DIPRACEA.

(Pls. XVII, XVIII, fige, 125-128.)
A colony of Tsophyllic was collected from which larvie were freely extrided from the
beginning.  On their first appearance most of the larvie were yod-<haped. hut others were

pear-shaped: at first the former would crawl along the floor of the vessel in a worm-like
manner, while the others would swim freely thronghout the water.  The larvie were larger than
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those usually met with in corals, measuring fully 3 mni. in length.  When first extruded they
were densely opague, and the posterior end (oral) was deeply pigmented.  An hour or two after
being set free some became greatly distended at the aboral pole. and as a eonsequence were
more nearly transparent: others, again, beeame swollen at the oral extremity, the opposite end
remaining narrow.

In the inflated larva represented in tig. 125 three pairs of mesenteries were already indicated,
all extending downward trom the minute. eireular. oral aperture. The mewmbers of one
pair of mesenteries extended nearly the whole length of the larva, and along their line of
attachment were much darker and broader than the others.  On one side of the pair were two
other faint mesenterial attachments, which continued but a short way down the polyp, while on
the other side was a third pair only just apparent, and having a still shorter vertieal eourse.  All
three pairs. however, start from the uppermost extremity of the polyp.

Some of the larvie immediately on extrusion were preserved in formol. and others in
corrosive aeetic, when they threw out a quantity of mucus, which resulted in the adherenee of
minute foreign particles. The distended larvee nearly always collapsed during the process of
preservation.

Transverse seetions of the freshly extruded specimens reveal that the larvie ave practically
solid bodies, the intertor being fitled with a compact vacuolated tissue, bearing numcerous nuelei
and zooxanthellze.  Boundaries in the vacuolar endoderm are indicated toward the middle, in
association with the mesenteries, and in the middle of some of the larvie there is a faint indication
that the endodermal tissue is beginning to break down. but as yet they are practically solid.

Toward the oral extremity the endoderm is crowded with zooxanthelle, which are only
sparingly distributed elsewhere.  An examination of the outer ectoderm reveals eomparatively
few algwe, and these are scattered =omewhat wniformly throughout the layer. The strong
pignentation of the oral extremity. noticed among the external characters, is manifestly due to
the accumulation of zooxanthellre within the oral endoderm, not, as is more usually the case.
to their presence in large numbers in the ectoderm.

Both longitudinal and transverse seetions through the stomodicam indicate the absence of
any actual lumen in the tube. and the compact charaeter of the interior of the larva, above
described, is not such as to sugwest that the circulation of any internal nutrient fluid had been
established up to the moment of liberation,

The uppermost sections through the oral extremity reveal the presence of three pairs of
mesenteries, all extending from the outer wall to the stomodweuni. The ventral pair. however,
is represented only by the merest rudiments. and the dorsal pair extends but a short distance:
neither pair streteches downward the full length of the stomodsoun.  The middle of the three
pairs ix by far the most important: its members are inserted on the stomodweum throughout its
extent, and when they become free the edge is tipped with a mesenterial filament which appears
as a deeply-staining tissue. wholly resembling that of the stomodweal cetoderm: the two are in
absolute continuity with one another, and in every way seem one and the same tissue. The
mesenterial filament extends nearly two-thirds the length of the polyp. and is very conspieuouns in
sections on account of the deeply-staining charaeter of its constituent eells.  The other
mesenterial pairs present no indications of filiments. -

[. dipsacea is of interest as showing the early stage at which the seeond and third pairs of
nesenteries are united with the stomodacum: indeced, they seem to originate at the angle between
the wall and stomodweal invagination, and thence grow down the column and the stomodweum.

The ectoderm is characterized by numerous large clear gland cells, whieh g¢ive out their
mucus when the larvie are preserved.  Many large nematocysts are also present. and the aboral
extremity displays a strongly developed nerve layer.

LARVA AND YOUNG POLYPR OF FAVIA FRAGUM.
(Pls. NTH=XV, figs. 96-116.)

The polyps of several colontes of thix speeies eollected around Port Henderson. early in
April. were charged with larvie, which were extruded singly from time to time.  Oceasionally,
an unfertilized ege would also appear.  The larvie conld be seen through the transparent walls



MEMOIRS OF THE NATIONAL ACADEMY O SCIENCES. 029

of the expanded polyp as opaque white hodies. moving freely about in the gastro-caloniice and
tentacular cavities: upon retraction individual larvae often renained within the tentacular cavity,
distending it and forming small protuberances on the surface of the colony.  The usuni occrrrence
of the larvee within the tentacles would indieate that they made their exit throngh the tips of
these organs. but althongh large numbers escaped while the colonies weve nuder observation
the actual point of extrusion wax never determined.  They were cither shot out suddenly,
with forece enough to send them some distance, or merely escaped and fell on the general surface
of the parent colony.

Some of the larvie were able to <wim about immediately on extrusion: others remained
motionless for a few moments either on the <urface of the water or the bottom of the vessel, and
then commenced vigorous ovratory moveutents.  The rotation was clock-wixe when the larvae
were viewed with the narrow oral extremity upward.  When first liberated. the larvee show
considerable power of adhesion at any part of their surface: on transferring them from one
vessel to another they would often tix themselves within the pipette, and require a considerable
foree of water to dislodge them. Specimens might adhere cither by theiv anterior or posterior
extremity for a time. and then commenee moving again. :

When first expelled some of the larvie were rod-shaped bodies, about 2 mm. in length. and
rounded at cach end: others were pear-shaped. the broader pole being dirceted forward and the
narrow end backward in franslation; others again were oval or spherodial.  The individuals.
Lowever, were able to ehange from one form to another. Seen with the naked eve. or by means
of a lens, the larvae were strongly opaque, an internal yvellowish mass being distinguished from
a eolorless or slightly green external layer.  The narrow. posterior. oral pole was for a long time
nore darkly eolored than the rest of the larva,

Under the mieroscope also the lavve were pertectly opagne, the eiliation was uniform, and
when first extruded no oral aperture nor mesenterial divisions could be discerned.  The surface
appeared minutely granular. white dots being irregularly distributed over the ectoderm.  The
denser coloration at the narrow oral extremity was seen to be produced by an accumulation of
vellow cells within the cetoderm. whieh gradually diminished in number away from the extremity.
Tt wax possible to detevmine that the coloration of the internal endoderm was also due to the
presenee of zooxanthellae.  Soon after liberasion. extrusions of yolk granules and zooxanthelle
from the oral extremity took place, and eontinued from time to time (fig. 96).

Many of the larve underwent much altevation in shape.  The oral extremity became swollen,
and the aboral narrow. a reversal of the primary eondition (fig. 100): but when first extruded
the larvie sometimes exhibited the swollen oral extremity and narrow aboral.

Within a day or two certain of the larvie had settled to the <ides of the vessel, becoming
flattened both orally and aborally: a few zooxanthellie were still present around the oral
aperture. which had now become functional.  Some specimens would again detaeh themselves
and move slowly around. After fixation the larvie were more transparent. and at first four
pairs of mesenterial divisions were visible from the ontside. and later six pairs. The settled
larvie were =oon able to extend themselves. and assume the columnar torm. appearing greenish
in color.

The various stages of mesenterial development were quickly passed through. until all the
protocnemes were present. the Edwardsian mesenteries complete and the fifth and sixth pairs
incomplete.  Bevond this no increase in the number of mesenteries took plaee during a period
of three weeks.  Within four days six tentacular prominences were apparent. the larve at this
stage usually appearing flask-shaped. with a hroad base (tig. 107).  Durving the early stages the
tentacles often became involved in the expanded discal tissues of which they were outgrowths,
and as a eonsequence were indistinguishable as separate organs.  In a young polyp from another
bateh of larvie. the <ix members of the muer entocelic evele also appeared in advance of the
members of the outer exoceelic evele (fig. 106),

One larva was secured attached to a fragnient of glass, and eould thus he examined as a
transparent object. and its later development observed. In seven or eight days the mesenterial
filiments were visible on the first and second pairs of mesenteries as darker internal organs, and
in about fourteen days six small. clear. oval arcas were recognizable within the entocwle of the
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six pairs of protoenemes, their occurrence suggesting some connection with the tirst stages in the
formation of the skeleton (tig. 105).  They clearly correspond in position with the six septa of
Mnicine (g, 135). and it is conceivable that they represent invaginations of the basul wall
preceding the formation of the septa.  No culeareous deposition however was observed to take
place within them: probably the unfavorable conditions under which the larva was kept interfered
with its normal development.

Small polyps arve sometimes found around the larger colonies of Furin, and represent
larvie which have tixed themselves immediately or shortly after extrusion.  From these
several further stages of development have been secured, one of which is represented in fig,
109, The polyp s in a partly expanded state. and only the discal region is indieated. as seen
under a low power of the microscope.  The six pairs of primary meseuteries are present, the
fifth and sixth pairs still tree from the stomodieum: in addition to these a pair of mesenteries has
appeared in each dorsal exoceele, and a small pair in cach of the middle exoceles. At present
the metacnemic pairs extend but a short distance over the margin of the disk, but are continued
farther down the column wwall.  No mesenteries have yvet appeared within the ventral exoceles.
The significance of the stages in the mesenterial development here represented has heen
already noticed in diseussing the appearance of the metacnemes in the Madreporaria generally.

Of the tentacles six entocewelic und six exoeeelic members are already present. forming two
cyeles, the inner tentaeles a little kurger than the onter, and both slightly knobbed.  In addition
to these a tentacle has arisen in association with each pair of metacnemes. making sixteen in all,
At this stage it was impossible from their position to say whether the new tentacles were
entocwlic or exoceelie in relation to the pairs of metacnemes, but it is significant that they follow
closely upon the development of the meseutevies.  Most probably they wre the entoecelic
outgrowths which have appeared senmicewhat in advancee of the exoceelic, following the sequence of
the prototentacles.

The diflerent stages secured in the development of Fueia fragum afford a complete sevies
illustrating the order of appearance of the mesenteries in corals, and it is deshable that they
should be presented in their regular sequence. The series extends from larvie with only one pair
of complete mesenteries to young polyps in which fission is instituted.  The earliest stage occurs
in non-extruded larve obtained from a colony after decaleification (lig. 112). Three pairs of
mesenteries are present. hut only one pair is complete. and this divides the ceelenteric cavity into
two unequal chambers.  In the larger of these is a second pair of mesenteries, not complete as
vet, but bearing rudimentary mesenterial filuments: in the smaller chamber ix a third pair of
mesenteries, which arve very rudimentary.  The first puir extends alimost the whole length of the
larva. the filkunents strongly developed all the way: the seeond terminates some distance in
advance of the aboral end; while the third has only a very limited course.

Larvie which had been extruded a few honrs when preserved reveal the next stage,
represented in fig. 113, Two pairs of mesenteries are united with the stomodaeum, and, hy
comparison with the previous figure. the new complete pair i~ evidently the dorsal pair. the
secoud of the mesenterial sequence.  The ventral pair (I HI) s no better developed than in
the former figure, but in sections below the termination of the stoniodeum a new pair has
appeared between the dorso-lateral pair (fig. 114).  Thix is manifestly the fourth pair in the
mesenterial sequence, and it is inserted dorsal to the second pair.  Also between the fivst and
second developmental pairs ave tound the merest rudiments of another pair (V. V),

Sections of larvee a little older. and in one case of a0 young polyp already scttled, present
the next stage. where three pairs of mesenteries are inserted on the stomodweum (fig. 115).
Comparison with tie. 113 indicates that it is the third pair in the mesenterial sequence which has
now reached completion. The fourth pair extends more upward, and the fifth pair has veached
the level of the stomodienm:  the sixth pair has not yet reached the stomodweal region, but is
present  below (fie. 116).  Finally, in larve which have just settled (figs. 105, 106), four
mesenterial pairs have beeome complete, and the tifth and sixth pairs are well developed in the
upper part of the colnmn. but remain free from the stomodweun.

The sequence for the protoenemic pairs is thus complete.  The first and second pairs to
arize become the ventro-lateral and dorso-lateral of the Kdwardsian mesenteries, the third pair
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constitutes the venteal directives, and the fourth the dorsal directives. while the fifth and sixth
pairs. incomplete ax yvet,arize on the ventral aspeet of the xecond and first pairs, respectively. the
fifth a little in advance of the sixth.  (See diagrammatic figures on p. S08.)

A young polyp. settled on the sune block of dead coral as a mature colony. atlords the next
stages required in the seguence—the manner of appearance of the tirst metacnemes.  The living
characters are shown in tig. 109, and a section through the decaleitied polyp is diagranmmatically
represented on p. 508, The protocnemes are in the same stage as in the previous figure—
the first four pairs are complete, but the ifth and sixth are stilt incomplete.  Within the dovsal
and middle exoceeles on each side a patr of mesenteries has appeared, the dorsal pairs being
better developed than the middle. i fig. 157, showing the arrangement in another decaleitied
voung polyp. six pairs of metacnemes have appeared. completing the second eycle, and all the
wembers of the first eyvele are united with the stomodaeum.  The six metacnemie pairs thus follow
a dorso-ventral, or antero-postertor. order in their appearance, but are now practically equal and
constitute the second eyele of mesenteries.

Fig. 1ag. p. 510, shows the manner of appearance of the first pairs of mesenteries which will
constitute the third cyele of twelve mesenteries, or second cyele of metacnemes, and it is at this
stage that fission is introduced (p. 511).

A tangential vertical section throngh one of the larvee which had settled. but in which no
septal formation had yet taken place. 1= represented by fig. 110, and the right half of the same
section. more highly magnified, ix represented by fig. 111, The four complete mesenteries extend
from the base to the upper wall. and present a muscular development on cach face. the fibers
being cut obliquely. The endoderm ix still greatly thickened, especially basally, while the
superficial ectoderm  has undergone but little change: zooxanthellwe are altogether absent,
though present in abundance in the larvee.

A great alteration has taken place in the hasal ectoderm.  Itix no longerabroad columnar layer,
but i~ represented by little more than fragments, which include a few nuelei and granular matter
which stains deeply.  The mesoglea ix likewise extremely narrow except mesenterially. where
it 12 much broadened. In these regious can be seen structures similkur to the wedge-shaped,
strinted. desmoidal processes characteristic of adnlt polyps. so that evidently these arise ata very
carly stage in the fixation of the lwrva: hints of the same processes also appear intermesenterially,
where the mesoglea is extremely narrow.  The larva from which the sections were taken had
been adherent to a fragment of ¢lass for over w week. and, though no septa were formed. it is
very probable that the basal plate had already been laid down. as this ix one of the first parts
of the skeleton to appear. The skeletogenic ectoderm ix in nmeh the same condition as in
adult polyps. in regions where growth is not proceeding rapidly.

The passage from the narrow basal ectoderm to the hroad ectoderm of the colummn at the
margin of the =ection ix abrupt. The cells around the indented vertical part at the right
vxtl'émity of fie. 111 are =omewhat moditied compared with those beyond. and are probably
concerned in the formation of the epitheca.  This s certainly the case in the slightly older

o

polyp of Municine represented in fig. 137.

=

YOUNG POLYDPS OF MANICINA AREOLATA.
(PL. XIX, figs, 133-137.

To the very complete deseription of the carly stages in the development of this species given
by Dr. H. V. Wilson, in 1855, I have nothing to add, and will therefore proceed to the point at
whicl Wilsons researches terminated, namely. the formation of the skeleton.  The latest stage
reached in the growth of the Bahama specimens was one in which the twelve protoenemes
were present. only two pairs of which were connected with the stomodwum.  The stage is
comparable with that represented in fig. 134, Pl XIX (¢70 Wilson’s fig. 39), tuken from a fixed
larva four days after extrusion from the parent colony.

Out of many batches of larvea extruded from a small Jamaican colony only a few individuals
hecame fixed, and after several days these were reduced to two, which continued to live for nearly
three wecks, though under somewhat unfavorable conditions.  The larvie weré attached to frag-
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ments of gliss, and could be transferred from one jar to another, or submitted to microscopic
examination.  Usually they were kept in vessels in which living colonies of other corvals, such
as Cludocora and Ocid ina, were already established.

shortly after fixation the first four pairs of mesenteries reached the stomodienm, hut the tifth
and sixth pairs remained incomplete for the whole pertod. and no trace of any metacnemes
appeared. The tentacles protruded toward the heginning of the second week, and. at the time they
could be definitely recognized, were alveady twelve in number.

One of the specimens, viewed as a transpavent objeet, 1% vepresented in fig. 135, The meso-
cleeal portion of the mesenteries appeurs as a eleav, colorless line; the Edwardsian mesenteries
are nnited with the circular stomod:eum, while the fifth and sixth bilateral pairs are incomplete,
The knobsof the retracted tentacles stand out as darker eircular patehes, arranged in two alternating
cyeles of six each: the members of the inuer cycele are entoceelic and those of the outer are exocelic
in position. varving but little in size. Within the entocweles of each of the six pairs of mesen-
teries is scen the first indication of the skeleton, represented by narrow. septumn-like deposits,
situated some distance from the periphery, and radiating toward the center. A basal granular
deposit, the first formation of the hasal plate. could also be distinguished, but was not studied
in detail.

The second polyp i represented in fig. 136, but the corallum has not developed to the sume
degree us in the first polyp. In the dorsal or suleular entocwele the caleareous deposit forms
two small oval areas: in the sulear entocwle the deposit is also oval and small; while in the
lateral entocceles it bears more resemblance to a septum.  The differences in extent of develop-
ment suggest that the six septa may not avise with complete uniformity. but under the unfavorable
conditions to whieh the polyps were subjected not much importance can be attached to the
result.  Through the oral aperture two other skeletal deposits can be distinguished, the first
indications of the columella.

Fig. 135 should be compared with that given hy von IKoch (1897, p. 760) of the fully expanded
voung polyp of Curyophyliia cyathus.  Tlere, also, the corallum appeared at the Edwardsian
stage of mesenterial development: the tentacles arve in two alternating cycles of six cach, and
the six primary septa have appeared, but are more peripheral in their distribution and are
already united with the circular theca.  In Manicine no theeal formation occurred during the
short period the development was followed, but indications of an epitheca were observable.

Both of the young polyps of Jlunicine were decalcified, with the object of ascertaining the
early stages in the modification of the polypual layvers, consequent upon the formation of the
skeleton.

A radiad vertieal seetion through one of the polyps. inclunding two septal invaginations, is
represented in fie. 137, It was from such sections that von Koch (1352) established the external
character of the skeleton in corals. The actual outlines of the polyp are from a camera lucida
drawing, while the diagrammatic outline of the skeleton has heen added.

The polyp is flattened in retraction, resting npon the skeletal upgrowths, and the mouth is
widely open. The right half of the section comprises a portion of a mesentery connected with the
stomodaeum, and bearing a mesenterial filament: the left half ineludes the section of a tentacle,
which s only distinguishable fronr the rest of the ectoderm by its greater thickness and the pres-
ence of large nematocysts.  The colummnar and discal endoderm is narrow and contains many
zooxanthellae, while the basal, skeletotrophic endoderm is greatly thickened. except over the
upper part of the septa. It is devoid of zooxanthellwe, and in its other characters closely recalls
the layer as it occurs in the lower part of the skeletotrophic tissues in adult polyps (tig. 124),
The mesoglea is extremely narrow throughout. :

Greatest interest attaches to the basal skeletogenie ectodern.  In the actual sections scarcely
any indications of the layer remain: it has either been removed by decaleification, or. more
probably. has become greatly reduced as a result of the formation of the skeleton. a condition
which has been found to characterize the older regions of most coral polyps. A few nuclei
occur here and there, and in places a detached wesogleea-like membrane. representing the
skeletal membrane of Bourne.

Where at cacl extremity the polyp turns upward the ectoderm for a short distance has
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undergone a similar moditication, though not quite to the same degree: more of the cellular
character is retained than at the base, bhut the passage into the hroad ectoderm of the cohumn is
abrupt. It is hiere that the epitheca is formed, and manifestly it is nothing more than the
upturned continuation of the hasal plate. The epitheca and basal plate arve covered only on their
inner surface by the polypal tissues, while the septal upgrowths from the basal disk are c¢lothed
on both sides.  The first two parts of the skeleton can therefore inerease in thickness and extent
only on one face: but the septa are added to on hoth faces.  The epitheca as vet is unconnected
with the peripheral septal edges. but in older polyps it rests upon their free exposed margins.

POSTLARVAL DEVELOPMENT OF SIDERASTR.EA RADIANS,

In both its free and incrusting condition S/depastraa radians s a very abundant coral around
Jamaiea. and fertile colonies have heen obtained, and the development of the larva and young
polyps followed throughout a period of seventeen weeks.

In the earliest extruded larvie the oral aperture ix already established, and the interior is
nearly filled with a vaeuolated. pareuchymatous tissue, eontaining numbers of zooxanthella
unitormly distributed throughount.  Four pairs of mesenteries ave present: two lateral pairs are
complete, but the dorsal and ventral direetives are vet free. In later larvae the ventral
directives are inserted on the stomodwumm. and the fifth and sixth pairs of mesenteries have
appeared.  The dorsal mesenteries were complete by the time the larvae settled, the Edwardsian
stage heing thus reached. but mesenterial filaments were found only on the first and second bilateral
pairs of mesenteries. The cctoderm is crowded with zooxanthellwe at the oral pole. and a few
oceur over all the layer. but become very sparse in the older larvee. At the aboral pole the
nerve layer undergoes a strong development, and nematoeysts are more plentiful than elsewhere.

Wide slits and spaces. both intermesenterially and below the stomodieum, began to appear
in the larvee shortly after extrusion. and represent the permanent gastro-ceelomie cavity.  Soon
the whole of the eentral part of the vacuolated tissue hreaks down, and the middle of the cavity
ix occupied by a mass of organie débris. among whieh are zooxanthellie and granules of various
kinds. Extrusions of such débris were often obzerved from the free swinming larve.  Muny
of the larva became attached to pieces of elass. and the young polyps eould thus be examined
under the microscope in their living condition ax transparent objects, and the development of the
various organs and skeleton followed step by step. The full account of the postlarval development
will be published shortly, but the salient results nuy be here briefly summarized.

Most of the larve were pear-shaped, the swollen extremnity as a rule being the oral or
posterior end in swimming.  On fixation many grouped themselves together. and thus from
primarily free and independent organisins young colonics were derived.  Six pairs of mesenteries-
the Edwardsian members complete. and the tifth and sixth pairs incomplete—were present in
the newly settled larva.

Tentacles.—Six equal tentacles. representing a primary evele. appeared a few days after
fixation: but are exceptional among all corals whose development has yvet been studied in that
they arise from the exoceelic chambers, not the entocwlic, ax is usually the case. Two or three
weeks elapsed before the entoecelic eyele began to appear, when the members developed either
simultaneously or in a suceessive manner.  They were situated central to the first eyele to arise,
and for a long period remained smaller than the others.  The development of the two primary
eveles of tentacles was thus centripetal, the outer exotentacles appearing first and the inner
entotentacles next.

The entotentacles of the adult SN/l pastrive ave hifurcated toward their extremity, and in
the eourse of their development in the larval polyps the two halves were found to appear
independently. and with a period of several weeks intervening. The common peduncle was
developed later, and raised the two moieties above the disk.,  The exotentaeles remained simple
throughout.

The second eyele of mesenteries having appeared, another series of tentacles protruded
from the six additional exoeelic chambers. and with the primary exotentacles formed an outer
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cvele of twelve.  Later. situated between the exocwelic cyele and the primary entotentacles, the
menihers of the second cyele of entotentacles hegin to appear. as outgrowths from the entoceeles
of the second cyele of mesenteries.

Thus the exotentacles, whether belonging to the primary or secondary order. appeared
hefore the entotentacles, and from the heginning they constituted the outer cycle, at first with
six and later with twelve members.

Jesenteries.—For about four weeks no increase heyvond the six primary pairs of mesenteries
took place. and the fifth and sixth pairs remained free from the stomodieum.  Then a pair of
mesenteries appeared within the dorsal exocwele on each side of the polyp.  Their first indication
was as two narrow lines along the column wall toward its aboral termination. These were
followed by a pair in the right and left middle exoceles, and later by a pair in each ventral
exocwle.  For several weeks the pairs remained of ditterent magnitudes. corrvesponding with the
order of their appearance from the dorsal to the ventral aspect (fig. 6, p. 456).  After the third
month they hegan to extend across the disk. but. like the fifth and <ixth pairs of protocnemes,
never reached the stomodweum.

Corallinn.—Three or four days after fixation. the skeleton was first observed in the form of
six radiating ~eptal upgrowths. practically equal in size, and situated within the six primary
entocceles, about midway between the outer boundary and middle of the polyp. At the sane
time a narrow peripheral calcarcous ring was formed. its outer surface uncovered by polypal
tissuex, and undoubtedly to be regarded as the «pitheca.  Macerations made later show the ring
to be continuous with the basal/ plate, which very early made its appearance. A day or two after
the formation of the first eyele of entosepta, the six exocwlic members hegan to appear, in some
ases simultaneously. but in others in successive bilateral pairs from the dorsal to the ventral
aspects (fig. 120 p. 492).

During the course of the third week other calearcous deposits took place. some appearing
as angulated continuations of the primary septa, and others arising wholly independent.  For
two or three months the further development consisted mainly in the increase in size and com-
plexity of the parts mentioned. the general impression heing that of two eyveles of septa. a larger
and a smaller, having their peripheral extremity enlarged in a Y-shaped manner. but free from
the epitheca.  The columella was formed partly from independent upgrowths from the basal
plate, and partly by centripetal extensions of the entosepta.

On the establishment of the second cyele of mesenteries, which naturally corvesponded in
position with the primary exosepta. new calearcous formations appeared independently at the
periphery of the entoeweles. and later fused with the primary exosepta already in the same
radius.  The peripheral angulations of the primary exosepta became new and independent
exosepta, situated within the twelve exoceeles.  The skeletal changes now going on were some-
what obscure and complicated, but according to my interpretation they atford clear evidence
that the members of the sccond eyele of entosepta must be vegarded as new formations, even
though later they fuse with the remnants of the primary exosepta. The continuations of the
priniry exosepta remain exosepta, and for the time being constituted the third eyele of septa.
A distinet dorso-ventrality was manifest in the development of the septa.



